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FOREWORD

The Division of Materials Sciences is located within the Department of Energy (DOE) in the
Office of Basic Energy Sciences which Is under the Office of Energy Research. The Director of
the Office of Energy Research is appointed by the President and confirmed by the Senate.
The Director of the Office of Energy Research is responsible for oversight of, and providing
advice to, the Secretary of Energy on the Department’s research portfolio and on the
management of all of the Laboratories that it owns, except for those that are designated as
having a primary role in nuclear weaponry.

The Division of Materials Sciences Is responsible for basic research and research facilities in
strategic materials science topics of critical importance to the mission of the Department and
its Strategic Plan. Other programmatic divisions under the Office of Basic Energy Sciences are
Chemical Sciences, Engineering and Geosciences, and Energy Biosciences; information for
them is contained on page 165.

Materials Science is an enabling technology. The performance parameters, economics,
environmental acceptability and safety of all energy generation, conversion, transmission and
conservation technologies are limited by the properties and behavior of materials. The
Materials Sciences programs develop scientific understanding of the synergistic relationship
amongst the synthesis, processing. structure, properties, behavior, performance and other
characteristics of materials. Emphasis is placed on the development of the capability to
discover technologically, economically, and environmentally desirable new materials and
processes, and the instruments and national user facilities necessary for achieving such
progress. Materials Sciences sub-fields include physical metallurgy, ceramics, polymers, solid
state and condensed matter physics, materials chemistry, surface science and related
disciplines where the emphasis is on the science of materials.

This report includes program descriptions for 458 research programs including 216 at 14 DOE
National Laboratories, 242 research grants (233 of which are at universities), and 9 Small
Business Innovation Research Grants. Five cross-cutting indices located at the rear of this book
identify all 458 programs according to principal investigator(s), materials, techniques,
phenomena, and environment. Other contents include Identification of our Staff structure and
expertise on pages ii-lii; a bibliographical listing of 45 scientific workshop, topical, descriptive,
Research Assistance Task Force and research facllities reports on select topics that identify
materials science research needs and opportunities on pages iv - viil; a descriptive introduction
on page ix; a descriptive summary of the DOE Center of Excellence for the Synthesis and
Processing of Advanced Materials is on pages 101-106; and a descriptive summary and
access information on 14 national research user facilities inciuding synchrotron light sources,
neutron beam sources, electron beam microcharacterzation instruments, materials
preparation, surfface modification, and combustion research Is on pages 108-135.

Iran L. Thomas, Director
Division of Materials Sciences
Office of Basic Energy Sciences
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Workshop and Report References

WORKSHOP AND REPORT REFERENCES

The Materials Scnences progrom has sponsored various workshops, topical and.
descriptive reports and co-sponsored Research Assistance Task Forces on select foplcs
over the past 15 years. The contributions to them come from scientists drawn from
universities, national laboratories, and industry, and represent a diverse mixture as well
as a balance of sub-disciplines within materials science. It is our intention to. make the
proceedings of these activities publicly avallable through publication in open literature
scientific journals, bulletins, or other archival forms. Many of these publications identify
the authors perceptions of emerging or existing generic materials science research
needs and opportunities. Their primary purpose is to stimulate creative thinking and
new ideas by scientists within their respective topical fields. None of these is intended
to be all'inclusive or to encompass with thoroughness any given topic, and none of
them represents Department of Energy (DOE) policy or opinion. No pretense is made
to have covered every topic of interest in this listing, and the fact that there is no
publication comresponding to a particular materials science topic does not, of itself,
carry any implication whatsoever with respect to DOE interest or lack thereof.

"Basic Research Needs for Vehicles of the Future." The proceedings of this Basic Energy
Sclences and National Sclence Foundation sponsored workshop which was held on
5-7 January 1995 are to be published.

~"Surface Modification and Processing as Applied to Electrochemical Energy ‘Sforoge
and Conversion Devices." (Workshop jointly sponsored with DOE Office of Transportation
Technologies, 22-24 February 1995). : : o )

"Electrical Breakdown of Insulating Ceramics in a High-Radiation Field," Y. Chen.,
F. W. Clinnard, B. D. Evans, E. H. Famum, R. H. French, R. Gonzalez, J. J. O'Dwyer,
F. W. Wiffen, X. F. Zong, Journal of Nuclear Materials, 217, 1994, pp. 32-47.

"Modelling of Fundamental Phenomena In Welds,” being publication by the Institute of
Physics: Publishing Bristol UK, Thomas Zacharia, J. M. Vitek, J. A. Goldak (Cartton Univ), T.
A. DebRoy (Penn. St.), M. Ratpaz (Ecole Polytechnique), H. K. D. H. Bhadeshia
(Cambridge Univ.) Volume 3, 1995, Modelling and Simul. Mater. Sci. Eng.”

'Mc’renols Research at Selected Japanese Laboratories,” A. L. Drcgoo, DOE/ER-OélOT
February 1994,

~ "Needed: Verified Models to Predict the Fracture of Weldments,” D. W. Keéfer, W. G.
~ Reuter, J. A. Johnson, and S. A. David, Welding Journal, 72, 9, 1993, pp 73-79

*Grain Boundary and Interface Phenomena in the High-Temperature Ploéﬂch‘y of Solids,
M. E. Kassner and T. G. Langdon, editors, Materials Science and Engineering, 166, pp 1-
246, 1993 (23 paper dedicated issue) :
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Workshop and Report References

*Photovoltaic Materials: Innovations and Fundamental Research Opportunities,” Alex
Zunger, editor, Journcl of Electronic Mcfericls 22, 1,1993, pp. 1-72 (8 paper dedicated
Issue) 4

*'Summary Report: Computational Issues in the Mechanical Behavior of Metals and
Intermetallics,” M. |. Baskes, R. G. Hoagland, A. Needleman, Mat. Sci. and Eng. A159
(1992). pp 1-34

"Deformation and Fracture of Intermetallics,” M. H. Yoo, S. L. Sass, C. L. Fu, M. J. Mills, D.
M. Dimiduk, E. P. George. Acta Metallurgica et Materialia, 41, 4, pp 987-1002, 1993

*Li/SOCL, Battery Technology: Problems and Solutions,” S. Szpak, P. A. Mosier-Boss, and J.
J. Smith, Trends In Electrochemistry, 1, 117 (1992). .

"Research Opportunities on Cluster and Cluster-Assembled Materials - A Department of
Energy. Council on Materials Science Panel Report,” R. W. Siegel, L. E. Brus, et ol J.
Mcfer Res.. 4, 3, (1989). 704-736

"Fundamental Issues in Heteroepitaxy - A Department of Energy Council on'Materials
Science Panel Report,” P. S. Peercy, et al., J. Mater. Res., §, 4, (1990), 852-894

*Proceedings of the Workshop on First-Order Diéplccive Phase Transformations.” L. E.
Tanner, M. Wuttig, et al., Mat. Scl. and Eng. A, 127, 2, (1990), 137-270

"Interpenetrating Phase Composites,” D. R. Clarke, J. Amer. Ceramic Soc, 75, 4 (1992)
739-759

*Hydrogen Interaction with Defects in Crystaliine Solids,” S. M. Myers, et al., Rev. of
Modern Physics, 64 (2), April 1992, 559-617

*Proceedings of the Oak Ridge National Laboratory/Brookhaven National Loborofory
Workshop on Neutron Scattering Instrumentation at High-Flux Reactors.” J. D. Axe and J.
B. Hayter, (1989), ORNL Report CONF-8906311

'ProceAedings of the First Meeting of the International Group on Reseorch Reactors.” C.
D. West, (1990), ORNL Report CONF-9002100

*Research Needs and Opportuntties in Highly Conducting Electroceramics,” W. J.
Weber, H. L. Tuller, T. O. Mason, and A. N, Cormack, Materials Science and Engineering.
B18, 1993, pp 52-71

*Radiation Effecfs.on Materials In High Radiation Environments - A Workshop Summary.”

W. J. Weber, L. K. Mansur, F. W. Clinard, Jr., and D. M. Parkin, J. Nuclear Materials, 184,
a9en., 1-21



Workshop and Report References

"Welding Science: Needs and Future Directions,” D. W. Keefer, S. A. David and H. B.
Smartt, and K. Spence, Journal of Metals, 44, 9, 1992, 6-7

*Organic Superconductivity,” (Intemational Workshop), V. Z. Kresin and W. A, Little (eds),
Plenum Press, New York, 1990, (ointly sponsored with Office of Naval Research)

"Surface, Interface, and Thin-Film Magnetism,” L. M. Falicov, D. T. Pierce, et al., J.
Materials Research, 5, 6, (1990), 1299-1340

"Research Needs and Opportunities in Magnetic Mdaterials,” G. Thomas, Materials
Science and Engineering. B105, 3, (1990), 409-412

"Basic Research in Superconductor, Ceramic and Semiconductor Sciences at Selected
Japanese Laboratories,” R. J. Gottschall, DOE/ER-0410, (1989), (jointly sponsored with
Office of Naval Research, U.S. Department of Commerce, and the U.S. Congress Office
of Technology and Assessment)®2<

"Mechanisms and Physics of Crack-Growth: Application of Life Prediction.” R. B..
Thompson, R. O. Ritchie, J. L. Bassani and R. H. Jones, et al., Materials Science and
Engineering, A103, (1988), 1-207 :

"Materials Sciences in the Department of Energy.” . L. Thomas, MRS Bulletin, January
1988, 11-12

“Basic Research in Ceramic and Semiconductor Science at Selected Japanese
Laboratories,” R. J. Gotschall, DOE/ER-0314, (1987)°° _

"Molecular Monolayers and Films,” J. D. Swalen, et al., Langmuir 3, (1987),932-950

*Micromechanisms of Fracture,” V. Vitek, et al., Materials Science and Engineering, 94,
1987). 5-69

"Bonding and Adhesion at Interfaces,” J. R. Smith, et al., Materials Science and -
Engineering 83, (1986), 175-238

"Overview of DOE Ceramics Research in Basic Energy Sciences and Nonengine Energy
Technology Programs,” R. J. Gottschall, Ceramic Bulletin 64, (1985), 1090-1095

‘Coatings and Surface Modifications,” R. L. Schwoebel, et al., Materials Science and
Engineering, 70, (1985), 5-87 ’

"Novel Methods for Materials Synthesis,” L. R. Testardi, T. D. Coyle, et al., (1984)°

‘Theory and Computer Simulation of Materials Structures and Imperfections,” A. B. Kunz,
et al., (1984)°
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“Mcn‘encgls Preparation and Characterization Capabilities,” DOE/CONF-821 120, February
(1983)*

"Critical and Strategic Materials,” R. J. Gottschall, et al., (1983)°°
"High Pressure Science and Technology.” G. A. Scmoro, et al., (1982)°

*Scientific Needs of the Technology of Nuclear Wcsfe Containment,” D. Tumbull, et ak,
1982)° d

"Basic Research Needs and Opportunities on Interfaces in Solar Materials,” A./'W.
Czanderna, R. J. Gottschall, et al., Materials Science and Engineering, 53, (1982), 1-162

‘The Effects of Irradiation on the Structure ond Proper’nes of Materials,” C. Peter Flynn et
al., (1981)°

"Condensed Matter Theory and the Role and Support of Computation,” J. D.
Joannopoulos, A. N. Berkner, et al., (1981)°

"Research Opportunities in New Energy-Related Materials,” J. L. Warren, T. W. Geballe,
et al., Materials Science and Engineering, 50, (1981), 48-198

*Aqueous Corrosion Problems in Energy Systems,” D. D. Macdonald, et al., Materials
Science and Engineering, 50, (1981), 18-42

"High Temperature Corrosion in Energy Systems," R. A. Rapp, et al., Materials Science
and Engineering. 50, (1981), 1-17

"Basic Research Needs on High Temperature Ceramics for Energy Applications,” H. K.
Bowen, et al., Materials Science and Engineering. 44, (1980), 1-56

Description of Research Facilities, Plans, and Associated Programs
"Using Federal X-ray, Electron, and Neutron Facilities,” S. Spooner, Journal of Metals, 44,
10, 1992, 72-76 and 44, 11, 1992, 67

*Scientific User Facilities, A National Resource"

vii
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*Special Instrumentation Research Opportunities for Fundamental Ceramic Science at
DOE." R. J. Gottschall, Ceramic Bulletin, 67, (1988), 1333-1339

[+

“Available in limited quantities from the Division of Materials Sciences by. collmg
(301 903 3426, -3427, or -3428

Available from National Technical Information Service, U.S. Department of Commerce,
Springsfield, VA 22161

Available from Pro Books, Inc., P.O. Box 193, 5 Smith Street, Rockport, MA 01966
(phone 800-783-9590 or 508-544-9590)
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INTRODUCTION

The purpose of this rebort is to provide a convenient compilation and index of the DOE
Materials Sciences Division programs. This compilation is primarily intended for use by
administrators, managers, and scientists to help coordinate research.

The report is divided into eight sections. Section A contains all Laboratory projects, Section B
has all contract research projects, Section C has projects funded under the Small Business
Innovation Research Program, Section D .describes the Center of Excellence for the Synthesis .
and Processing of Advanced Materials and E has information on major user facilities. F -
describes other user facilities, G as a summary of funding levels and H has indices
characterizing research projects. :

The FY 1994 funding level, title, personnel, budget activity number (e.g.. 01-2) and key words
and phrases accompany the project number. The first two digits of the budget number refer
to either Metallurgy and Ceramics (01, Solid State Physics (02), Materials Chemlsfry (03) or
Facility Operations (04). The budget numbers carry the following ftitles:

01-1 - Structure of Materials 02-1 - Neutron Scattering

01-2 - Mechanical Properties 02-2 - Experimental Research
01-3 - Physical Properties 02-3 - Theoretical Research
01-4 - Radiation Effects 02-4 - Particle-Solid Interactions
01-5 - Engineering Materials : 02-5 - Engineering Physics

03-1 - Synthesis & Chemical Structure 04-1 - Facility Operation

03-2 - Polymer & Engineering Chemistry
03-3 - High Temperature & Surface Chemistry

For more detailed information call (301) 903-3428 for the Metallurgy and Ceramics topics:
(301) 903-342¢ for the Solid State Physics and Materials Chemistry topics.

Sections E and F contain information on special DOE centers that are operated for
collaborative research with outside participation. Section G summarizes the total funding level.
In Section H provides cross-cutting references are to the project numbers appearing in Sections
A, B, and C and are grouped by (1) mvesﬂga'rors, (2) materials, (3) techniques,

(4) phenomena, and (5) environment. .

It Is Impossible to Include in this report all the technical data available for the program in the
succinct form of this Summary. To obtain more detailed information about a gnven research
project, please contact directly the investigators listed.

Preparation of this FY 1994 summary report was coordinated by Iran L. Thomas. The effort
required time by every member of the Division. Much of the work was done by Christie
Ashton,
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SECTION A

chora’rorlesA

The information In this section was provided by the Laboratorles.
Most projects are of a continuing nature. However, some projects
were concluded and others Initiated this fiscal year.



AMES LABORATORY
lowa State University
Ames, IA 50011

Robert B. Thompson - (515) 294-9649
Fax: (515) 294-4456

Metallurgy and Ceramics - 01 -

O. Buck - (515) 294-4446
Fax: (515) 294-8727

1. CONTROLLED MICROSTRUCTURES
I. E. Anderson
(515) 294-8252 01-1 $297.000

Studies to iImprove the performance of materials

by achleving enhanced controf of composlition and

microstructure during processing that Involves
ditfusion and deformation with emphasis on
powder-based materlals. Perform hot isostatic
pressing (HIP) experiments on high pressure gas
atomized (HPGA) quasicrystalline Al-Cu-Fe powder
to develop fabrication process for monolithic and
composite forms of this novel material.

Investigate consolidation by HIP and vacuum

sintering of unique Al powders that contain high

supersaturations of reactive gas resulting from

gas ofomlzation reaction synthesls (GARS)

processing in the HPGA to form refractory

dispersold reinforced composites. Study
consolidation of intermetalic powders to

produce bulk shapes with technologlcally useful

_ levels of toughness and strength.

2. SOUDIFICATION MICROSTRUCTURES
R. K. Trived, L. S. Chumbley. R. W. McCallum
(515) 204-5869 - 01-1 $651,000

Studles of solidification processes ond thelr
applications to technologically important

materials. Theoretical modeliing of

microstructural evolution and correlation between
microstructures and processing conditions. Rapld
solidification processing by the laser treatment

of materials and by highly undercooled fine
droplets. Development of microstructure/processing
maps. Study of interface kinetics and the effect

of crystalline anisotropy on the microstructure
evolution. Dissociation/recombination phenomena
In Intermetallic compounds exposed to inductively
coupled plosma. Sclidification processing of
(Dy.Tb)Fe, magnetostrictive alloys, Nd-Fe-B8
permansent magnet materials, and intermetallic
compounds, and analysis of their magnetic and
mechanical properties. .

Loboratories

3. MECHANICAL BEHAVIOR OF MATERIALS
0. Buck, B. Biner, J. Kameda, O. Unal
(515) 2904-4446 01-2 $524,000

Studies of the effects of environment and stress on
the mechanical properties and corrosion of ultra-high
temperature materials. High-temperature-induced
Intergranular cracking In Nl base alloys. Description
of three dmensional arrays of defects and
relationship of arrangement to ductiity and CREEP.
Correlation between defect structure and
nondestructive measurement. Effects of
post-rradiation annealing on mechanical properties.

4. MARTENSITIC PHASE TRANSFORMATIONS
C. 1. Chan, B. N. Harmon, K. M. Ho
(515) 294-7712 01-2 $118,000

First principles caiculations of electronic structure and
total energies to study the order parameters,
transformation paths, activation energles, and basic
physics leading to analysis and control of the
transformation. Detalled study of anharmonic
couplings and thelr manifestation in phonon spectra
proceeding the transformation. Modeliing
pseudoelastic and thermoslastic behaviors of
shape-memory alloys. Investigation of twin formation
and its affects on ductility in hcp metals. Application
of molecular dynamics using realistic interatomic
potentials. Study of prototypical systems: Na, NiTl,
NiAl, Ba, Z1, etc.

5. RARE-EARTH AND RELATED MATERIALS
K. A. Gschneidner, Jr.
(515) 294-7931 01-3 $303.000

Study the behavior of rare earth materials in the

extreme regime of low temperatures (down t0 0.5 K)

and high magnetic fields (up to 10T). This includes

heat capacity, magnetic properties, electrical
resistivity measurements. Examine the systematics of
phase formation, or the variation of physical
properties to understand various physical
phenomena, such as bonding, alloy theory, structure
of materials. Exploitation of materlals with large
magnetocaoloric effects for refrigeration materials.

6. ADVANCED MATERIALS AND PROCESSES
I. E. Anderson, L. L. Jones, T. A. Lograsso,
D. J. Sordelet. R. K. Trived|
(515) 294-8252 01-5 $682,000

Development of advanced processes for preparing
speclol metals. Development of new melting
procedures for preparing metal matrix compaosites.
New thermite reduction process for preparing rare-
earth-ron qlloys and for producing permanent
magnet and magnetostrictive alloys. Processing of
stolchlometric and non-stoichlometric materials by an
inductively coupled plasma. Electrotransport and
zone melting for maximum purlfication of rare-earth
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and refractory metals. Processing of single
crystals of congruent meiting and peritectic
materials by levitation zone meiting,
free-standing vertical zone melting, Bridgman,
Czochralski and straln-anneal recrystallization.
High pressure gas atomization for production of
fine powders of metals and mixed metal oxides.
Speclalized coatings by plasma-arc spraying.
Above research supports directly the Materials
Preparation Center described in the
Section-Collaborative Research Centers.

7. NDE MEASUREMENT TECHNIQUES
O. Buck, D. C. Jlles, R. B. Thompson
(515) 294-4446 01-5 $229,000

Technlques to measure fallure-related material
properties to improve understanding of fallure
mechanisms and inspection reliability.
Ultrasonic measurement of internal stresses,
texture, and porosity. Ultrasonic scattering

and harmonic generation studies of fatigue cracks
- to provide Information about crack tip shielding
and its influence on crack growth rate and
detectability. Acoustic microscopy techniques
for high resolution studies of microstructure

and defects. Effects of fatigue damage, stress
and microstructure on magnetic properties,
pcrﬂcu!crly Bloch wall motion.

8. SCIENTIFIC AND TECHNOLOGICAL INFORMATION
EXCHANGE
L. L. Jones, T. A. Lograsso, S Mitra
(515) 294-5236 01-5 $168.000

Dissemination of Information to the sclentific and
industrial communities. Publication of High-T. .
Update for rapld dissemination of up-to-date
information on high-temperature superconductivity
research. Operation of Materials Referral System
‘and Hotline to accumulate information from all
known National Laboratory sources regarding the
‘preparation and characterization of materials and
to make this information available to the

sclentific community.

9. FUNDAMENTALS OF PROCESSING OF BULK RIGH-T,

SUPERCONDUCTORS
R. W. McCallum, J. R. Clem, D. K. Flnnemore
D. C. Johnson, M. J. Kramer
(515) 294-4736 01-5 $723,000

Investigation of the role of microstructure in

the bulk superconducting properties of high-T,
oxides. Control of microstructure using
Information obtalned from phase diagram studies.
Phase diagram dependence on rare-earth and
oxygen partial pressure. Interaction of

materlals with CO,. Study of fine grained dense

" ‘polycrystaline materials. Effects of processing

induced defects on the bulk superconducting .
properties. Thermal and quantum fluctuations of
vortices.

Solid State Physics - 02 -

B. N. Harmon - (515) 294-7712
Fax: (515) 294-7712

10. NEUTRON SCATTERING
C. Stassls, A. Goldman, D. Vaknin, J. Zarestky
(515) 294-4224 02-1 $414.000

Study of the magnetic propertles of high-
temperature superconductors and related
compounds by polarized and unpolarized neutron -
scaftering techniques (La,CuQ,, LaNIO,, La, Sr,CuO,,
La, S,NIO). Experimental Investigation of the lattice
dynamics of metals and alloys undergolng
martensitic transformations (bcc La, Cu-Al-Be,
Cu-Al-NI, Cu-Zn-Alb; study of the Verwey transition in
magnetite. Electronic structure and phonon spectra
of mixed valence compounds (CePd,, ,Ce). Lattice
dynamics of quasicrystals. Study of organized films
on aqueous and solid surfaces by neutron and X-ray
reflectivity techniques. Study of magnetism and
superconductivity in the RENI,C,B systems.

11. NEW MATERIALS AND PHASES

F. Borsa, D. C. Johnston, L. Miller, C. A. Swenson,

D. R. Torgeson

(515) 294-5435 02-2 $530.000
Synthesls and characterization of new high-T,
superconductors and related oxides. Study of the
physical properties of these new materials, such as
phase equilibria and high temperature behavior.
Properties of new phases including magnetic
susceptibliity, transport properties, heat capacity,
crystallographic phase transformations, coexistence
and/or competition of superconductivity and
magnetic order. Modelling and analysis of the data
using appropriate theorles. High pressure equations
of state of new materials, elementary solids (ternary
compounds and alloys,-and alkaline earth metals),
low temperature expanslvity and heat capacity of
materlals (Lu) contalning hydrogen. Applications of
NMR to high-T_ superconductors, phase transitions,
and hydrogen embrittiement of refractory metals
and alloys. NMR studies of martensitic phase
transformations, superionic conductors, and
quasicrystals,



12. MAGNETO OPTIC MATERIAL -
P. Canfield, A. |. Goldman,
K. A. Gschneldner, B. N. Harmon,
D. W. Lynch, C. Stassis, S. Zoliner
(515) 294-7712 02-2 $450,000

Synthesls and detailed characterization of new
magnetic materlals. Investigation of the
correlation, spin-orbit, and exchange interactions
leading to novel or large magneto-optical
properties. Development and use of circular
magnetic X-ray dichrolsm as a new tool for
studying local magnetic properties. Theoretical
modelling, first principles caiculations, and
predictions in close collaboration with the
experimental effort.

13. SUPERCONDUCTIVITY
D. K. Finnemore, J. E. Ostenson
(615) 294-3455- 02-2 $190.000

Preparation, characterization, and study of the
fundamental properties of copper oxide '

superconductors; search for new superconducting

materials; current transfer and the proximity -
effect near superconductor normal metal
Interfaces, studies of single quantized vortices
for use in microprocessors and logic devices;
development of superconducting composites for
large scale magnets. Fundamental studies of
superconductivity In metal-metal composites,
use of Josephson junctions to study flux pinning
of isolated vortices, development of materlals
with very low pinning, development of
superconducting composites suitable for large
scale magnets In the 8 to 16 Tesla range,
practical studies to improve wire fabrication
technlques, development of magnetic shielding
devices.

14. X-RAY DIFFRACTION PHYSICS
A. Goldman . :
(515) 294-3585 02-2 $245,000

X-ray measurements on lcosahedral Phase alloys,
high-T, ceramlc superconductors, magnetic
structures and phase transitions, and solids at
high pressure. Magnetic X-ray scattering and
spectroscopy. Study of magnetism and
superconductivity In the RENLC,B systems.
Development of beamlines at APS,

15. OPTICAL, SPECTROSCOPIC, AND SURFACE
PROPERTIES OF SOLIDS
D. W. Lynch, C. G. Olson, M. Tringldes,.
S. Zollmer
(515) 294-3476 02-2 $690,000
Electron photoemission, inverse photoemission,
and optical propertles (fransmission,
refiection, ellipsometry) of solids In the visible,
vacuum ultraviolet and soft X-ray reglon using
synchrotron radiation; low energy electron
diffraction, scanning tunnelling microscopy. Ce and
Ce-compounds (e.g.. CeSn,) heavy Fermion systems,
e.g.. UPt,. copper-oxids-based superconductors, O
on W. Epitaxial growth on metal and semiconductor
surfaces, surface diffusion, ultrathin film morphology.
LEED (Low Energy Electron Diffraction), RHEED
(Reflection, High Energy Electron Diffraction), STM
(Scanning Tunneling Microscopy) are used for
structural characterization and time dependent
measurements. Ultrafast laser studies of electron spin
dynamics in magnetic materials.

16. SEMICONDUCTOR PHYSICS
J. Shinar
(515) 294-8706 02-2 $240,000
() Fabrication and electronic and structural
dynamics studles of hydrogenated amorphous
Si-based thin films and devices, using UV-Vis-NIR-IR
absorption spectroscopies, photoconductivity, SAXS,
and SIMS. () Processing and studies of fullerenes,
using luminescence and optically-detected
magnetic resonance spectroscopies. (i) Fabrication

and characterization of thin diamond and porous §i

films and devices.

17. SUPERCONDUCTIVITY THEORY
J. R. Clem, V. Kogan

(515) 294-4223 02-3 $200.000

Electrodynamic behavior of the high-temperature
copper-oxide superconductors, especially while
carrying electrical currents in magnetic fields.
Anisotropy of critical fields, internal magnetic field
distributions, and magnetization. Granularity effects

using Josephson-coupled-grain models. Flux pinning,

critical currents, thermally activated flux flow, noise,
ac and high-frequency losses. Surface, interface,
grain-boundary, proximity effects, and vortex
fluctuations.

Laboratories -
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18. OPTICAL AND SURFACE PHYSICS THEORY
R. Fuchs, C. T. Chan, K.-M. Ho
(515) 294-1960 02-3 $140,000

Optical properties of metals, semiconductors, and
insulators, studies of surfaces, thin fiims,

layered systems, small particles. and powders.
Differential surface reflectance spectroscopy.
Photonic band structure. Electron energy-loss
spectroscopy of inhomogenous systems. First
princlples calculation of Iattice relaxation,
reconstruction and phonons at single crystal
surfaces (Al, Au, W, Mo, Ag and Au on Si).
Chemisorption. Determination of growth modes via
first principles calculations.

19. ELECTRONIC AND MAGNETIC PROPERTIES
B. N. Harmon, C. 1. Chan, K.-M. Ho, M. Luban,
C. Soukoulis
(515) 294-7712 02-3 $470,000
Theoretical studies of bulk and lattice dynamical
properties of materials using first principles
total energy calculations. Magnetic properties of
new high-T, superconductors. Anharmonic
Interaction, lattice instabilities, phase i
transformations, electron-phonan interaction, and
superconductivity, Equations of state (pressure
and temperature). Hydrogen-metal interactions. .
Electron locallzation In quas-perlodic and
disordered materials. Magnetism in spin glasses
and ternary compounds. Electronic structure of
rare-earth compounds and transition metal sulfides
and hydrides. Theory of amorphous semiconductors,
and nuclear. magnetic ordering in metals.
Localization of light In dlelectrics, photonics.
Theoretical modelling of quantum dot nanostructures
and Bloch osclliations. Buckyballs.

Materials Chemistry - 03 -

P. A. Thiel - (515) 294-8985
Fax: (515) 294-4709

20. SYNTHESIS AND CHEMICAL STRUCTURE
J. D. Corbett, J. W. Anderegg. H. F. Ffranzen,
R. A. Jacobson, R. E. McCarley :
(515) 294-3086 03-1 $750,000

Synthesls and structure of and bonding in polar
intermetallic systems. Interstitial derlvatives of
intermetallic phases - the systematic variation of
electronic, conduction, and magnetic properties
and corrosion resistance. Influence of common
Impurities (O, N, H) on stabllity of intermetallic
compounds. Homoatomic clusters of main-group
metals In condensed phases; electronic regularities.
Zntl phases and criteria. Synthesls, bonding,

structure and properties of new ternary oxide phases
containing heavy transition elements, especially
metal-metal bonded structures stable at high
temperatures. -‘Low temperature routes to new metal
oxide, sulfide, and nitride compounds. Correlation of

structure and bonding with d-electron count and

physical properties. Electronic band structure
calculations. Study of refractory metal-rich binary
and ternary sulfides and oxides by both experimental
and theoretical techniques to understand the
relationships among crystal structure, chemical
bonding. and electronic structure as they affect
high-temperature stabllity, phase equilibria, and
order-disorder transitions. Development of diffraction
techniques for single crystal and non-single crystal
specimens, techniques for pulsed-neutron and
synchrotron radiation facilities, and use of Patterson
superposition methods. Experimental methods: X-ray
and electron diffraction, X-ray and UV photoelectron
spectroscopy. resistivity and magnetic susceptibility
measurements, computer automated
mass-oss-mass-spectrometry for high-temperature
vaporation reactions. :

21. POLYMER AND ENGINEERING CHEMISTRY
T. J. Barton, M. Akinc, S. ljadi-Maghsoodi
(515) 294-2770 03-2 $484,000

Synthesls of highly-strained, unsaturated,
organometallic rings for ring-opening polymerizations.
Study of controlled thermal decomposition of
preceramic polymers. Development of thermal and
photo-chemical routes to transient compounds
containing sliicon multiple bonds as route to
preceramic materials. Design and synthesis of
polymers containing alternating silicon and
unsaturated carbon units. Such polymers are
evaluated as ceramic precursors, as electrical
conductors, and as nonlinear optical materials.
Synthesis and characterization of ceramic powders
including oxides. sulfides and carbides.
Characterization and processing of nove!
intermetaliics for high-temperature structural
applications. Design and processing of-ceramic
matrix composites.

22. HIGH TEMPERATURE AND SURFACE CHEMISTRY
P. A. Thiel, K. G. Balkerikar, S.-L.. Chang.
D. C. Johnson
(515) 294-8985 03-3 $443,000
Study of lubrication phenomena: decomposition
pathways and products of fluorinated ethers at
surfaces. Mechanisms of oxidation of metals;
formation of thin, metastable oxide overlayers.
Chemistry of electrode reactions, including
electrocatalysis, electorchemical Incineration, and
corrosion reactions. Characterization of
electrocatalytic materials by modulated
hydrodynamic voltammetry. Reactivity of oxidized
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and doped electrode surfaces, Including
characterization of oxygen mobility and defect
density at such electrodes.” Equilibrium and
dynamic properties of adsorbed fims. Surface
chemistry of nucleation and flocculation applied
to ceramic processing. Techniques used include Low
Energy Electron. Diffraction (LEED), Auger electron
spectroscopy. Electron Energy Loss Spectroscopy
(EELS), temperature programmed desorption,
electron-stimulated desorption, ring-disk and
modulated hydrodynamic voltammetry.

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

F. Y. Fradin - (708) 252-3504
Fax: (708) 252-6720

Metallurgy and Ceramics - 01 -

Bob D. Dunlap - (708) 252-4925
Fax: (708) 252-4798

23. ELECTRON MICROSCOPY CENTER FOR MATERIALS
RESEARCH :
M. A. Kirk, C. W, Allen :
(708) 252-4998 01-1 $1,384,000

Development and use of high-voltage and

high-spatial resolution analytical microscopy for

materials research. Operation and development of
the Center’s 1.2 MeV High-Voitage Electron

Microscope-Tandem Faclility with in-situ capability

for direct observation of lon-solid interactions.

The HVEM is currently being utilized for research

programs in advanced materlals, mechanical

properties, Irradiation effects, oxidation and
hydrogenation effects. HVEM specimen stages are

available for heating (1300 K), cooling (10 K),

stralning, resistivity and gaseous environments.

lon-beam Iinterface with 650 kV lon accelerator and

2 MV tandem accelerator avallable for In-situ

implantations and Irradiations. Approximately 50

percent of HVEM usage Is by non-ANL scientists on

research proposals approved by the Steering

Committee for the Center that meets every six

months. A state-of-the-art, medium-voltage,

uttra-high vacuum, field-emission gun, Analytical

Electron Microscope is belng Installed. Its design

Is drected toward the attainment of the highest

microanalytical resolution and sensitivity.

Fundamental studies of electron-sofid

Interactions and microcharacterization of .
materlals, using TEM, STEM, HREM, CBED, XEDS, and
EELS are conducted at present on conventional
transmission electron microscopes (JEOL 4000 EXI,
JEOL 100CX, Phillps EM420, and Philips CM30).

24. INTERFACES IN ADVANCED CERAMICS -
D. Wolf, J. A, Eastman, Z. U, K. L. Merkle,
S. R. Philipot
(708) 252-5205 01-3 $1,469,000
Coordinatéd experimentatl and theoretical program
focused on the synthesls, characterization and
properties of advanced ceramics (used, for
example, as electronlc-packaging materials, in
structural applications, in advanced batterles and
fuel cells, as ceramic-coating materials or high-T_
materlals) and ceramic composites (such as
structural ceramics, SIC/SI,N,), with particular
emphasis on atomic-level experimental
characterization techniques and atomistic
simulations. Fundamental issues of relevance 1o the
processing and mechanical performance of
advanced ceramics to are being addressed.
Among these are, for example, (a) the relationship
between geometry, atomic structure and interface .
chemistry (including non-stolchiometry and interfacial
phases) as a function of processing conditions,
(b) the role of amorphous phases in these materials
and (c) mechanical propertles, with particular
emphasis on the role of dislocations in geometrically
constrained (e.g.. small-grained) ceramics. The
program draws heavily on three major ANL faciiities,
the Electron Microscopy Center (HREM, AEM) and, in
the near future, the Advanced Photon Source, as
well as Argonne’s expertise in massively paralle!
computing architectures.

25. IRRADIATION AND KINETIC EFFECTS
L. E. Rehn, D. E. Alexander, R. C. Birtcher,
S. K. Chan, N. Q. Lam, P. R. Okamoto, N. J. Zaiuzec
(708) 252-502| 014 $1,916,000

Investigations of mechanisms leading to the .
formation of defect aggregates, precipitates, and
other inhomogeneous distributions of atoms In solids
during Irradiation. Studies of neutron and gamma
iradiation effects on alloy microstructure and
embrittiement. Irradiation performance of advanced
nuclear fuels. Effects of amorphization on .
dimensional stabliity. Radiation-induced segregation
to internal and external defect sinks.
Radiatlon-enhanced diffusion. inert-gases in solids.
Surface layer modification of alloys by ion
implantation, ion-beam mixing, and sputtering. lon -
channeling and flux-pinning in High-T. materlals. In-
situ studles of ion and electron bombardment In the
High-Voltage Electron Microscope. Neutron and
dual-beam lon irradiation. Computer modelling of
Iradiation-Induced microstructural changes.



Laboratories

lon-beam analysis. Radiation sources include
HVEM-2MV Tandem facility (electrons and ions),
650KV lon accelerator, and IPNS.

26. CERAMIC MATERIALS DEVELOPMENT
K. E. Gray, K. C. Goretta, D. J. Miller,
A. P. Paullkas, B. W. Veal Jr.

(708) 252-5525 01-5 $§776,000

This program studies oxide ceramic materials, with
the primary emphases on high-T, superconductors
and coatings. Synergistic efforts incorporating
synthesis, characterization, fabrication are coupled
to a wide range of fundamental electronic and
structural properties. Materlals engineering Issues
that limit performance and processing flexibiiity
are also studied. The properties of ceramic
protective coatings for use in high-temperature
corrosive environments (e.g.. for high-temperature
gas turbines) are studied. The single thalllum

layer HTS compounds are studied for use in
powder-in-tube and coatings, because of their
superlor flux pinning.

Solid State Physics - 02 -

Bob D. Dunlap - (708) 252-4925
Fax: (708) 252-4798

27. NEUTRON AND X-RAY SCATTERING
J. D. Jorgensen, G. P. Felcher, R. Kleb,
R. Osborn, D. L. Price
(708) 252-5513 02-1 $1.481,000
Exploitation of neutron and X-ray scattering
techniques in the study of the properties of
condensed matter. Instrument development and
interactions with university and industrial users
at IPNS. Investigations of the structure and
defects of intermetallic and oxide superconductors,
structure and dynamics of chalcogenide and oxide
glasses, liquid alioys and molten salts, surface
magnetism, polymer interfaces, distributions with
deep inelastic scattering, and fast ion transport in
sollds.

28. MAGNETIC FILMS
S. D. Bader, E. E. Fullerton, M. Grimsditch
(708) 252-4960 02-2 $907,000

Research on the growth and physical properties of
novel ultra-thin, epitaxia!l films, metalic

sandwiches, superiattices, and multilayers.

Thin-film and surface-sclence preparation technlques
include molecular beam epitaxy. and sputtering.
Monolayer growth phenomena and interfaclal ,
structure characterization methods include electron

(RHEED and LEED) and X-ray diffraction. Electronic
propertles studied via electron spectroscopies
(photoemission and Auger), band-structure theory,
and low-temperature transport, magnetic and
magneto-optic Kerr effect measurements. Elastic,
magnetic and vibrational properties using Brillouin
and Raman scattering, and spin polarized
photoemission.

29. TAILORED PERMANENT MAGNETS
S. D. Bader, E. E. Fullerton
(708) 252-4960 02-2 $245,000

This new program involves exploration for new and
improved permanent magnets with high energy
products. The approach is to utiize thin-fiilm
deposition technlques for fabrication; and
magnetometry and electron microscopy for
magnetic and structural characterizations,
respectively, Attempts are underway to grow the
recently discovered Sm-Fe-N ternarles via sputtering,
and Nd-Fe-B via molecular beam epitaxy. Efforts will
also be taken to interleave hard and soft
ferromagnets on the nanometer-scale in order to test
the new concepts of “exchange hardening®
permanent magnets. This should reduce rare-earth
content, and, therefore, Improve corrosion resistonce
and lower materlals costs. Ultimately, revolutionary
advances are possible technologically with new
permanent magnets for energy applications.

30. SUPERCONDUCTIVITY AND MAGNETISM
G. W. Crabtree, W. K. Kwok, D. J. Miller,
L. C. Smedsijaer, V. Vinokur, U. Welp
(708) 252-5509 02-2 $1,002,000

Experimental and theoretical investigations of the
magnetic and superconducting properties of
materials. Strong emphasis is being placed on
studies of high-T, oxide superconductors, especially
on the physics of vortices in the mixed state. Other
programs include studles of the electronic properties
of organic superconductors, heavy fermion, and
other narrow-band materials containing rare-earth
ond actinide elements. Experimental techniques
include the de Haas-van Alphen effect, transport
and magnetic measurements, electron tunneling,
materials preparation and characterization.

31. PHOTON SCIENCE AT SYNCHROTRONS
P. A. Montano, M. Beno, J. C. Campuzano,
G. S. Knapp. M. Ramanathan, H. You
(708) 252-6239 02-2 $589.000

X-ray scattering technlques, glancing Incidence
fluorescence and X-ray absorption spectroscopy has
been used to characterize the structure and
composition profile of multilayers. X-ray scattering
has been utiized to characterize in-situ the growth
mode of metallic thin on difference substrates. X-ray
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standing waves is being used to investigate the
first stages in the growth of metals on
semiconductor substrates. Angle resolved
photoemission has been employed to measure the
slectronic structure of high-temperature
superconductors. A new beamline for energy
dispersive X-ray absorption measurements was
constructed and is being utilized for the study of .
transition metal magnetic alloys. X-ray absorption
technique was used to study the structure of
photoexcited states in molecules and crystals. A
new technique was developed for rapid X-ray
powder diffraction measurements,

32. CERAMIC EPITAXY FILMS AND COMPOSITES
D. Wolf, H. L. Chang, C. Foster
(708) 252-5205 02-2 $393.000

Experimental research program on the processing.
characterization, and property determination of
single-crystal epitaxial ceramic fiims and layered
composites prepared by metal-organic chemical
vapor deposition (MOCVD) techniques. The main -
objectives are two fold, namely (a) to enhance our
fundamental understanding of the
processing-structure-property relationship of thin
ceramic films and multilayers synthesized by MOCVD
and (b) to measure tensor properties In -
single-crystalline films, thus elucidating the
performance of these materials. In the past,
devices using these materials have been made
almost exclusively in polycrystaliine form. Our

main emphasis is on electro-ceramic materlals,
such as TiO,. SnO,, PLTIO;, SIMO,, BaTiO,, PbZrO,,
Y,0,. and LITaO,. Properties of interest involve

their dielectric, piezoelectric, electro-optic,
acousto-optic and elastic behavior.

32A. CONDENSED MATTER THEORY
A, A. Abrlkosov, R. A. Klemm, M. Norman,
M. Randena, N, Trivedi
(708) 252-5482 02-3 $1,164,000

Theory of superconductivity: electronic band
structure, many-body effects; properties of low-
dimensional systems. Physical properties of layered
superconductors including anisotropic energy gap.
Vortex lattice. Superconductivity in heavy-fermion
and high-T, materials. Reentrant superconductivity in
strong magnetic fields. Organic superconductors.
Contributions of fluctuations. Superconductor-
insutator transition. Normal State Anomalies in high-T,,
Supeconductors. Strongly correlated systems,
Quantum Monte Carlo mehtods. Anderson
locallzation In quast 1- and 2-dimensional metals.

33. EMERGING MATERIALS
K. E. Gray, D. G. Hinks, R. T. Kampwirth,
D. J. Miller
(708) 252-5525 02-5 $497,000
This program includes materials engineering research
and fundamental studies of new materials with a
primary emphasis presently on superconductors.
Sampile fabrication includes single crystals and film
depositions. Microcharacterizations, Including
electron microscopy and in-situ X-ray probes, are
used as cruclal links between physical properties and
synthesis/processing. Studies seek to identify
intrinsic potential of important new materials and
the effects of extrinsic defects.

Materials Chemistry - 03 -

Bob D. Duniap - (708) 252-4924
Fax: (708) 252-4798

34. CHEMICAL AND ELECTRONIC STRUCTURE
J. M. Willlams, K. D. Carlson, U. Geiser, A. M. Kinl,
J. 8. Schlueter, H. H. Wang
(708) 252-3464 03-1 $1,311.000

New materials synthesis and characterization
focusing on synthetic organic metals and
superconductors based on BEDT-TTF
(bis-ethylenedithiotetrathio-fulvalene), the fullerenes
(Cy. and various newly-synthesized organic
electron-donor and electron-accepior molecules.
Development of structure-property relationships
coupled with electrical and superconducting
properties measurements. Development of improved
crystal growth techniques. Phase transition and
crystal structure studies as a function of temperature
(10-300 K) by use of the IPNS-single crystat
diffratometer and a low-temperature (10 K) single
crystal X-ray diffraction instrument.

35. INTERFACIAL MATERIALS CHEMISTRY
V. A. Maronti, L. A. Cuttiss, L. ton, S. A. Johnson, .
A. R, Krauss
(708) 252-4547 03-2 $407.000
Basic research on interfacial phenomena is being
carrled out in two forefront scientific fields of
materials science: (1) molecular sieve materials and
thelr application In heterogeneous catalysis and
(2) nove! techniques for the preparation and
characterization of high-critical-temperature (1)
superconductors In thin-flm form. The role of organic
template molecules in the crystallization mechanisms
of aluminosilicate zeolites. The application of
modified zeolites and metallaluminophosphate -
materials as catalysts in hydrocarbon oxidation
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reactions. Use of molecular sieve materials as
matrices for the generation of interacrystalline
particles and polymers, constrained In size and- .
dimensionality. Comptuter simulations of framework
and adsorbate molecular dynamics, as well as ab
Inifio motecular orbital calculations of chemical
properties of zeolite catalysts and template effects in
microporous structure development. Production and
characterization of multicomponent thin fims and
layered structures by computer-controlled sequential
deposition with in-situ annealing and oxidation
processes as part of an integrated fabrication cycle.
Use of ozone atomic oxygen, and oxygen ion beam
modification to produce high-temperature
superconductor (HTSC) films with little or no
high-temperature annealing. Atomic layer-by-layer
fabrication of Bl based HTSCs. Production of
superiattice structures for electronic applications.and
thin-film optoselectronic devices. Basic surface
studies of as-grown superconducting thin films; basic
studies of growth processas for multicomponent thin
films.

36. AQUEOUS CORROSION

V. A. Maroni, L. A. Curtiss, C. A. Melendres

Z. Nagy. R. M. Yonco

(708) 252-4547 03-2 $585.000 -
Baslc research almed at elucldating fundamental
aspects of interfacial phenomena that occur under
conditions of temperature and pressure (300°C and
10 MPa) relevant to light water fission reactors,
environments. Investigations of the mechanisms
responsible for passivation on iron, copper. and
nickel-based alloys and for crack and-pit
propagation In these same alloys. Studies of the
detalls that connect surface adsorption, electron
transfer, and electrolyte chemistry with passive film
structure using a combination of in-situ surface -
sensitive spectroscoplc methods and transient
electrochemical techniques. In-situ of
characterization of metal/solution interfaces using
laser Raman, photoelectrochemical and X-ray
methods. Investigations of the key features of the
Interfaclal chemistry assoclated with passivation
processes (Including charge transfer kinetics and
fim-growth dynamics) using pulsed galvanostatic,
potentiostatic, dc polarization, and a¢ Iimpedance.
Theoretical/computational simulations of solid\liquid
interface phenomena through the application of
molecular dynamics methods in combination with ab
Initio molecular orbital theory.

37. THERMODYNAMICS OF ORDERED AND METASTABLE
MATERIALS
M.--L. Saboungl, L. A. Curtiss
. (708) 252-434} 03-2 $335.000

Experimental and theoretical investigations of
Important thermodynamic and structural properties
of ordered and associated solutions and amorphous
(metastable) materials. Thermodynamic and
structural measurements (e.g.. emf, vapor pressure,
neutron diffraction) are combined with theoretical -
calculations (e.g.. molecular dynamics, statistical
mechanics) to determine the fundamental
characteristics of ordered and associated solutions
(e.g.. chloroaluminates, ionic alloys, slicates).

Other techniques such as visible/uv spectroscopy
small angle neutron scattering, and inelastic neutron
scattering are used to obtain data relating to
valence states, ordering and clustering of atoms and
lons In solution. The extension of theories and
concepts for pyrometallurgy Is explored.

38. PARTICLE AND PHOTON INTERACTIONS WITH
SURFACES
D. M. Gruen, W. F. Calaway, A. R. Krauss,
G. J. Lamich, M. J. Pellin
(708) 252-3513 03-3 $957.000

Development of multiphoton resonance lonization
methods combined with energy and angle
refocusing time-of-fight mass spectroscopy for
ultrasensitive detection of sputtered species.
Application of this technique to studies of

(1) fundamental problems in surface science (depth
of origin of sputtered species; sputtering of metal
clusters; adsorbate structures; strong metal support
interactions; mechanisms of oxidation; surface
segregation), (2) electron- and photon-induced
desorption cross sections and mechanisms for neutral
species with particular reference to desorption by
synchrotron radiation, (3) trace analysis for selected
systems of special significance such as Impurities in
semiconductors, (4) fundamental studies of planetary
materials including isotopic anomalies. Surface
composlition, structure and radiation-enhanced
segregation in strongly segregating alloy systems
using recoill sputtering. fon-scattering. SIMS, Auger,
XPS, UPS, and LEED techniques. Preparation of
controlled stolchiometry high-temperature
superconducting fiims and fabrication of layered
thin-film structures by sequential sputtering of
elementary targets. lon scaftering and implantation
and surface modification.
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39. MOLECULAR IDENTIFICATION FOR SURFACE
ANALYSIS
D. M. Gruen, K. R. Lykke, M. J. Pellin’
(708) 252-3513 03-3 $393,000

Surface analysls of the molecular composition of
complex solids using Fourler transform lon cyclotron
resonance spectroscopy coupled with resonant and
"soft" laser lonization methods. The solid surfaces to
be investigated Include conducting polymers,
plastics, and other. high molecular weight materials.
One aspect of the study Involves the diffusion and
fate of additlves such as plasticizers and UV stabllizers
in polymers. Another aspect includes the ’
characterization of fullerene (C,p)-type compounds.

Facllity Operations - 04 -

40. APS USER TECHNICAL AND ADMINISTRATIVE
INTERFACE
S. Barr, S. Davey, G. K. Shenoy
(708) 252-5637 04-1 $1,300.000

The user technical and administrative Interface will
provide the point of contact between the APS and
the APS users during the design, construction, and
operation of users’ experimental beamiines. This
program will provide for the integration of user
technical and administrative requirements with APS
Experimental Faclities Division activities and for

the oversight and support during development of
these beamlines.

41. APS ACCELERATOR R&D

M. Borland, E. Crosble, R. Damm, G. Decker,

H. Frledsam, J. Galayda, G. Goeppner, R. Kustom,

A. Lumpkin, G. Mavrogenes. D. McGhee, F. Mills,

S. Miiton, J. Noonan, 8. Sharma, L. Teng,

M. White

(708) 252-7796 04-1 $4,600,000
This research supports construction of the Advanced
Photon Source, a 7-GeV storage ring complex
capable of faclitating wide ranges (1-100 KeV) of
X-ray tunabllity of Insertion devices and operating
with 34 Insertlon device beamlines. Accelerator
component prototypes are developed to evaluate
.and refine performance characteristics of the
accelerator and storage ring systems. Theoretical
methods are developed and applied to predict
accelerator physics performance parameters.
Facliity Title Il design activities began in FY 1990,
construction was initiated In FY 1990 and completion
Is scheduled for FY 1997,

42, INTENSE PULSED NEUTRON SOURCE PROGRAM
B. S. Brown, F. R. Brumweli, J. M. Carpenter,
W. D. Ruzicka

- (708) 252-4999 04-1 $6,769,000
Operatlon and development of IPNS, a pulsed
spallation neutron source for condensed matter
research with neutron scattering techniques, The
facliity Is equipped with 12 instruments which are
regularly scheduled for users and 1 instrument under
construction. The facllity has been run since 1981 as

a national facllity in which experiments are selected

on the basis of sclentific merit by a nationally

constituted Program Committee. Approximately 250

experiments, involving about 150 outside visitors from

universities and other Institutions are performed
annually. Industrial Research on a proprietary basis,
which allows the company to retain full patent rights,
has been Inftiated with a number of companies

(e.g.. DuPont, Texaco, Allled-Signal, IBM, General

Electric, Amoco, British Petroleum America) and s

encouraged. Relevant Argonne research programs

appear under the neutron activities of the Materials

Sclence Dlvision of Argonne National Laboratory.

43. APS COMMISSIONING AND START-UP
Y. Cho, J. Galayda, G. Shenoy
(708) 252-6616 04-1 $11,478,000

To establish a smooth transition between the
construction phase and the operations phase,
operations groups have been established and will .
grow In size untll they take full responsibility for
operations, maintenance, and troubleshooting of al
systems. Maximum use will be made of . :
computerized documentation and document control
procedures to assure repeatable, safe operations. A
unified approach will be developed to create and
control command sequences defining operation,
assoclated documentation. routine maintenance,
record keeping. and system troubleshooting. Beam
stability is one of the prime measures of performance
of APS. Three systems are proposed to detect threg
principal causes of Instabllity in the orblt of the stored
positron beam. The undulators and wigglers of APS
produce the X-ray beams and are also capabie of
disturbing the beam stabillity If not adjusted cormrectly.
The APS staff will preview and test, among other
things. the performance limits of state-of-the-art
undulators. Operation of the APS relies on a long
lifetime for the stored beam which depends critically
on vacuum conditions. Vacuum systems and
procedures will be optimized to achieve desired
petformance. -
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44, ASD R&D IN SUPPORT OF OPERATIONS .

E. Crosble, R. Damm, J. Galayda, M. Knott,

R. Kustom, A, Lumpkin, G. Mavrogenes, L. Teng. .

M. White

(708) 252-7796 04-1 $8,219,000
To further develop the operations of the APS, R&D
support Is needed to optimize accelerator systems,
controls and X-ray source capabilities. These studies
will examine the operating characteristics of APS
systems with the goal of improving them. Activities
include accelerator physics studies of the linacs, PAR,
synchrotron storage ring. and transport fines to
increase Injected currents, increase circulating
current, and improve beam lifetime and stabliity.
There Is also an effort towards developing new
diagnostic devices and control. techniques to support
accelerator physics activities and to improve
integrated performance of the circulating positron
beam, Insertion devices, and X-ray beamiines, New
storage ring operating techniques are studied and
devices will be developed with the goal of
enhancing the abillity to use the facllity for
synchrotron radiation research.

45, APS BEAMLINE AND INSERTION DéVICE R&D
E. Gluskin, T. Kuzay, D. M. Mills, G. K. Shenoy
(708) 2562-5537 04-1 $10,466,000

Experimental Facilities R&D supports the construction
of various APS components such as the insertion
devices, mechanical components of the beamiine
front ends and transport, X-ray optics, detectors,
and synchrotron instruments. This.R&D, including the
construction and testing of prototypes, Is needed to
assure that the detalled designs meet or exceed the
deslred performance godals of the APS construction
project and to assure that the APS user community
can perform their research.

46. XFD R&D N SUPPORT OF OPERATIONS
E. Gluskin, T. Kuzay, D. M. Mills, G. K. Shenoy
(708) 252-5537 04-1 $1,400,000

To prepare in advance for the operational phase of
the APS facilty, R&D needs have been Identlfied that
have direct bearing on the success of APS user
programs. R&D items are based on user
collaboration proposals, while others support the
beamiine instrumentation. In order to enhance
dissemingtion of the best beamline designs to the -
users, a Design Exchange has been established. This
exchange maintains all the updaoted design drawings
of the user beamlines from the conceptual stage to
the as-bullt stage. Furthermore, these CAD drawings
and corresponding specifications and descriptions
are avallable to all the users on communication links.
There is an additional effort to design, develop and
test software to operate all the beamlines and
oxperimental Instruments so as to enhance
performance and safety of operation. in addition,

0

Insertion device diagnostics will be catried out using
a positron beam from the linac.

BROOKHAVEN NATIONAL LABORATORY
Upton, NY ‘ 11973

John D. Axe - (516) 282-3821
Fax: (516) 282-5888

Metallurgy and Ceramics - 01 -

Kelvin Lynn - (§16) 282-3501
Fax: (516) 282-4071

47. FIRST PRINCIPLES THEORY OF HIGH AND LOW
TEMPERATURE PHASES )
J. W. Davenport, P. Allen (SUNY-Stony Brook),
R. E. Watson, M. Winert )
(516) 282-3789 01-1 $427,000
Molecular dynamics simulations using first principles
techniques as well as empirical potentlals.
Applications to metals including complex crystalline
structures liquids and amorphous materials,
Caleculations of melting and temperature dependent
phase diagrams. Electronic structure.

48, SUBMICROSCOPIC DEFECTS IN LAYERED MATERIALS
8. Nleisen, V. J. Ghosh
(516) 282-3525 01-1 $214,000

The maln goal of this program Is to elucidate the role
played by submicroscopic defects In determining the
properties (mainly physical properties) of layered
structures. This also includes studies of the
mechanisms by which defects are incorporated into
layered materials, as well as defect evolution and
migration during processing. The layered structures
are formed by deposition, thermal growth of thin
layers, or by lon implantation. The technique used
primarily to detect defects is depth-resolved positron
annihilation spectroscopy. To complement this work
other techniques are also used. Theoretical studies’
or computer simulations are done whenever they are
necessary to extract defect information or to get a
better understanding of the mechanisms involved in
defect generation, evolution, or migration.

49. MECHANISMS OF METAL-ENVIRONMENT
INTERACTIONS
'H. S. Isaacs, A. J. Davenport
(516) 282-4516 01-2 §$557.000

Studies of the properties. formation, and breckdown
of passive and anodically grown oxide fims on
metals and alloys. Surface morphology and gtomic
structure using atomic force and tunneling
microscopy. Concentrations and valency of
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elements In surface oxides using X-ray absorption.
Studies of the role of corrosion-inhibitors and the
mobiliity of inhibiting anlons under existing high
electric fields. Kinetlcs of the early stages of
formation of oxide fims. Breakdown of oxide fims
followed by localized corroslon. Propagation of
voltage translents along metal surfaces. Dissolution
kinetics of metals In highly concentrated electrolytes
simulating localized corrosion. Structure of the
electrolytes, salt fim formation, and electromigration.

50. SUPERCONDUCTING MATERIALS

M. Suenaga, R. Budhanl, Z.-X. Cal, D. O. Welch,

Y. Zhu

(516) 282-3517 01-3 $1,085.,000
Fundamental properties of high critical temperature
and critical fleld superconductors, mechanical
properties, theoretical models of interatomic forces,
lattice defects, and diffusion kinetics In
superconducting oxides, studies by electron
microscopy of lattice defects in superconducting
compounds, fiux pinning, properties of composite
supercongductors. '

51. BASIC MATERIALS SCIENCE OF HIGH T,
CONDUCTOR FABRICATION
M. Suenaga, Q. Ui, Y. Zhu
(516) 282-3518 01-5 $575.000

The purpose of this program Is to perform basic
studies of problems which are associated with the
. fabrication of conductors for magnets and
transmission of power utilizing high-T_
superconductors. The main focus of this program
currently Is on characterization of microstructural and
electromagnetic properties of grain boundaries In
YBa,Cu,0, and Bi,Sr,Ca,Cu,0, In order to gain
Increased understanding of the nature of the
coupling. A second aspect of the program is the
development of fabrication techniques for
YBaq,Cu,;0, and BI,Sr,Ca,Cu,O, to strengthen the
coupling of the boundarles by varlous methods.

Solid State Physics - 02 -

Jim W. Davenport - (616) 282-3789
Fax: (516) 282-2739

/
52. MAGNETIC AND STRUCTURAL PHASE TRANSITIONS
J. D. Axe, J. M. Tranquada, K. HIrota, G. Shirane,
- A, Zheluder
(516) 282-3821 02-1 $1,066,000
The princlpal objective of this program Is the
fundamental study of phase transitions and
magnetism by elastic and Inslastic neutron
scatftering. At present, a concentrated effort
directed towards the characterization and

R

understanding of the high-temperature
superconductors complements work on a
wide-range of other condsnsed matter systems.
Within the area of phase transitions, measurements of
both structural rearrangements and dynamicai
fluctuations in order parameters are applled to
martensitic alloys as well as to the copper-oxide
superconductors. Antiferromagnetic correlations are
proving to be especially Important In the
copper-oxide perovskite systems and other highly
corfelated electron systems such as nicklates. The
unique cttributes of the neutron are explolted In both
the static and dynamical studies of critical
phenomena In magnetic materials. The primary
Interest is In the study of collective magnetic
excitations and short-range correlations in a wide
variety of magnetic materials. Recent activity
involves-substitutionally disordered or frustrated
magnetic materlals, spin glasses, and
low-dimensional systems. The facllities at the High Flux
Beam Reactor (HFBR) are operated as a
Participating Research Team and are avallable to
the outside sclentlfic community.

§3. ELEMENTARY EXCITATIONS AND NEW TECHNIQUES

J. D. Axe, L. Passell, S. M. Shaplro, B. Stemlieb,

P. Wochner

(516) 282-3821 02-1 $1.300,000
This program Is directed to the study of elementary
excitations in condensed matter and to the
development of new neutron scattering techniques
to further these Investigations. Currentiy,
experimental interest focuses on excitations In heavy
fermion, mixed valent and paramagnetic systems,
spin glasses, magnetic and Intermetallic alloys. and
the combined use of X-rays and neutrons to study -
the structure and interactions In solids. The objective
in all these experiments Is to obtain a better
understanding of the fundamental interactions which
determine the unique properties of these systems. In
the areaq of instrumentation the U.S.-Japan
Collaborative Research Program has begun to put
increased emphasis on high pressure techniques,
improved monochromators and 2-D neutron
detectors. These activities will be focused around a
newly developed optical bench at the HFBR. Part of
the effort in new Instrument development will be
done In collaboration with Oak Ridge Nationat
Laboratory and will be useful for developing .
instruments at the Advanced Neutron Source and
other next generation neutron facilities.

54. STRUCTURAL CHARACTERIZATION OF MATERIALS
USING POWDER DIFFRACTION TECHNIQUES
D.E. Cox, Q. Zhu ’
(516) 282-3818 02-2 $262,000
Application of synchrotron X-ray and neutron powder
diffraction techniques to structural analysis of
materlals, Including mixed metal oxides, zeolites,
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high-T_ superconductors and fullerenes. Phase
transition studies at high and low temperatures,
including magnetic ordering. High pressure studies in
diamond-anvil cells by synchrotron X-ray diffraction
techniques with monochromatic radiation. .
Development of instrumentation and software for
powder diffraction analysis. Preparation and
characterization of bulk samples of inorganic -
materials, especially high-T, metal oxide
superconductors, including T, measurements. Ab
initio structure determination from powder data.
Application of X-ray anomalous scattering toc probe
cation distribution and selective oxidation states,

55, EXPERIMENTAL RESEARCH - X-RAY SCATTERING
L. D. Gibbs, J. P. Hill. O. Magnussen, B. Ocko,
T. Thurston, G. Watson
(5616) 282-4608 02-2 $1,174,000
The objective of this program Is to exploit the
techniques of synchrotron X-ray scattering to study
the structural, electronic, and magnetic properties of
condensed matter systems. The X-ray scattering
group, as part of three participating research teams,
operates and malntains three X-ray beamiines at the
Natlonal Synchrotron Light Source (X22A, X228, and
X22C) and Is Involved in the development and use of
two new insertion device beamlines (X21 and X25).
Particular emphasis Is placed on Investigations of
surface and interfaclal phenomena and on the
~ structure and magnetic spectroscopy of
magnetically ordered crystals. Current examples of
projects include: (1) the study of metal surface phase
transformations In UHV, (2) the study of . '
“electrochemically driven surface reconstructions at
metal/electrolyte Interfaces, (3) the study of
fluctuations at liquid surfaces and interfaces,
(4) X-ray magnetic scattering studies of bulk and thin-
fim rare-earths, transition elements, and actinides,
and (5) inelastic X-ray scattering studles of plasmons
In light metals. ’

56. LOW ENERGY - PARTICLE INVESTIGATIONS OF
SOLIDS _ ) i
K. G. Lynn, P. Asoka-kumar, P. Simpson, C. Szeles
(516) 282-3710 02-2 §934.000

A new Inftiative using Ac-cross-corrslational
technlque to understand the fundamental
mechanism responsible for the 1/f noise was started.
Perfect and imperfect sollds, solid and liquid
interfaces, and thelr surfaces are investigated by
using varlable energy positron (.1 eV - 3 MeV)
coupled with standard surface anaiysls tools (Auger
Electron Spectroscopy. thermal electric effect
spectroscopy, thermally stimulated currents). These
methods include two-dimensional angular correlation
of annihliation radiation (2D-ACAR), posttron induced
Auger Electron Spectroscopy, positron channeling,
positron work functions, and positronium formation.
Systems that are being studied include metal-metal,

oxide-semiconductor, and metal-semiconductor
Interfaces. Bulk 2D-ACAR measurements and
Doppler broadening measurements are being.
performed on various systems including
high-temperature superconductors and some
metallic alloys. Defect formation in semiconductors
by ion implantation and thelr kinetics are studied.
The hydrogen interaction with the Interface trap
centers Is studied. The early stages of pitting
corroslon in aluminum have been studied.
Fundamental studies involving positron-atom
scattering, single quantum annihliation, and positron
channeling at MeV energles are Investigated.

57. THEORETICAL RESEARCH :
J. W. Davenport, P. Bak, G. Castlliq, V. J. Emery.
M. Pacuski, P. Thomas, R. E. Watson, M. Weinhert
(516) 282-3789 02-3 $834.000

Solid state theory including self-organized criticalty,
nonlinear systems, theory of superconductivity In
oxides, and many body effects. Theory of alloys
Including heats of formation, using local density
functional theory. Electronic-structure of metallic
surfaces. Applications to X-ray and neutron
scaftering. and to photoemission.

58, SURFACE PHYSICS RESEARCH .
M. Strongin, D. J. Huang, P. D. Johnson, Y. Uu
(516) 282-3763 02-5 $§920,000

Various surface sensitive techniques are used to
study the physical and chemical properties of
surfaces and thin fllms. These techniques include .
Low Energy Electron Diffraction (LEED), Auger
Electron Spectroscopy, Low Energy lon Scattering
(LEIS), Photoemission, Inverse Photoemission, and Spin
Polarized Photoemission. The major part of the
program Is supported by beamlines at the NSLS.
These Include both conventional monochromators
and the more advanced spherical grating
monochromators used on the undulator sources. The
latter devices are dedicated to the spin polarzed
photoemission components of the program.
Ongoing research includes: (a) photoemission and
Inverse photoemission studies of the electronic
structure of metal overlayers, clean metal surfaces,
and adsorbate covered surfaces; (D) studles of
surface magnetism In thin fims and the effect of
adsorption on surface magnetism; (¢) catalytic and
electronic properties of metal overlayers; (d) surface
metallurgy and surface compounds; and (e) studies
of charge transfer and metastable species formed In
low temperature reactions; and (f) formation of
surface coating using cryogenic techniques and
synchrotron radiation.
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59. NEUTRON SCATTERING - SYNTHESIS AND STRUCTURE
J. Z Larese - '
(516) 282-4349 03-1 $461.000

A variety of neutron scattering techniques are

amployed to study phase transitions and critical

phenomena of atomic and molecular fims adsorbed
on surfaces. Primary emphasis is focused on the
structure and dynamics of hydrocarbon and rare gas
films adsorbed on graphite and magnesium oxide
surfaces. Other areas of study Include the imaging
of Rayleigh-Benard convection in liquid helium
mixtures, the synthesls of high-quality single-crystal
materials with unique physical properties, and
molecular dynamics simulations of surface films. This

effort is also responsible for the operation of a

muttiuse neutron beam port through a participating

research team. A medium resolution, 15-detector
powder diffractometer, a high-resolution '
two-dimensional area detector, and a triple-axs
diffractometer are available for use by the outside

scientific community. i

60. SYNTHESIS AND STRUCTURES OF NEW CONDUCTING
POLYMERS
J. McBreen :
(516) 282-4513 03-2 §475,000

Development of a fundamentat understanding of
lonically and electronically conducting polymers and
development of techniques for talloring the materlals
with highly specific electrical and opftical properties.

- Research consists of the synthesis of new conducting
polymers and the exploration of thelr physical and -
chemical properties with a number of spectroscopic
techniques, including electrochemistry, X-ray
absorption spectroscopy. X-ray diffraction, positron
annihilation, Fourler transform infrared spectroscopy,
Raman spectroscopy and electrical resistivity
measurements. The materlals of interest are linear
polyethers, polyslloxanes, polypyrroles and
polythiophenes. The materials are chemically
modified by the covalent attachment of electrically
active side groups or by introducing polar plasticlzers
on anlon complexing agents, A second category of
materlals consists of organo-disulfide redox polymers,
This Is a collaborative program between Brookhaven
National Laboratory, Polytechnic University, and
Power Convaersion, Inc.
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61. HIGH FLUX BEAM REACTOR -

OPERATIONS

L. Junker, J. Barkwill, W, Brynda, J. Carelli,

J. Detweller, S. Golden, A. Queirolo, R. Reyer,

D. C. Rorer, P. Tichter .

(816) 282-4416 04-1 $21,819,000
Operation of the High Flux Beam Reactor, including
routine operation and maintenance of the reactor,
procurement of the fuel, training of operators,
operation and maintenance of a liquid hydrogen
moderated cold neutron source, iradlation of
samples for activation analysls, isotope production,
positron source production, and radiation damage
studies. Technical assistance provided for
experimental users, especially with regard to
radiation shielding and safety review of proposed
experiments. Additionally, planning and engineering
assistance provided for projects for upgrading the .
reactor,

62, NATIONAL SYNCHROTRON LIGHT SOURCE -
OPERATIONS AND DEVELOPMENT
D. B..McWhan, N. Fewell, J. Hastings. R. Heese.

J. Keane, R. Klaffky. S. Kramer, S. Krinsky,

W. Thomlinson

(516) 282-3927 04-1 $16,311,000
This program supports the operation of the National
Synchrotron Light Source, which Is a large user facility
devoted to the production and utilization of
synchrotron radiation, and its supports the
development of electron based radiation sources
and of new applications of this radiation In the
physlical and biologlical sclences. The NSLS operates
two electron storage rings and the associated
injection system composed of a linear accslerator
and a booster synchrotron, and it operates an
extensive user program bullt around faciiity and
participating research team photon beamlines on
the vacuum ultraviolet (VUV), and X-ray storage
rings. As this is the first facllity In the U.S. that was
designed expressly for the use of synchrotron )
radiation, there are extenslve development programs
to improve the stabiiity, reliability, and lifetime of
electron beams and to develop new Insertion
devices which give even brighter photon beams.
Equally Important are programs to develop new
beamiline Instrumentation Including beamiline optics,
monochromators, and detectors which will permit
users to take full advantage of the unique research
capabilities offered by the NSLS. The PRTs continue
to invest heawvily In the facliity, and the progrom
seeks to keep the faclity at the forefront to justify this
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investment. Two conceptual design reports have
been submitted: one for a beamline and machine
upgrade, and the other for a fourth-generation
source (the Deep UltraViolet Free Electron Laser).

IDAHO NATIONAL ENGINEERING

LABORATORY
idaho Falls, ID 83415

Robert Wright - (208) 526-6127
Fax: (208) 526-0263

Metallurgy and Ceramics - 01 -

63. STRESS DISTRIBUTION IN GRADED

MICROSTRUCTURES

B. H. Rabin

(208) 526-0058 01-5 $218,000
Develop fundamental understanding of the effects
of microstructure, processing conditions, and
specimen geometry on the thermomechanicat
behavior of graded materials for the purpose of
mitigating the property mismatch at dissimilar
material interfaces. Fabrication of two-phase
coatings and bulk materials with controlled
microstructural gradients and varying geometries by
lon-beam assisted deposition (IBAD) and powder
metallurgy techniques. Focus on model materials
systems In which significant property mismatch exists
betwseen components, e.g., AL,O,/Ni. Mapping of
residual stresses by high spatial resolution X-ray ond
neutron diffraction methods. Comparison of
experimental results with predictions from
elastic-plastic finite element method (FEM) modelling
of stress distributions. Use of FEM models to design
gradient material microstructures to meet application
requirements.

64. ROLE OF IMPURITIES IN MICROSTRUCTURAL
EVOLUTION OF RAPIDLY SOLIDIFIED MATERIAL
R. N. Wright
(208) 526-6127 01-56 $§132,000
Examination of phenomena associated with the
Interaction of low levels of Impurities with
quenched-in defects in rapidly solidified metals.
Interactions studies In simple systems to determine
fundamental mechanisms. Inttial studies of
high-purity aluminum and aluminum doped with ppm
levels of lead or Indlum containing ion-implanted
hellum have shown accelerated helium bubble
growth when liquid precipitates are attached to -
bubbles. Rapidly quenched, high-purity aluminum
and dilute aluminum alloys containing substitutional
elements with different vacancy binding energies, as

well as carbon as an Interstitial impurity, have been
examined. Experimental techniques Include positron
annihilation and TEM. The transformation from a
dendrtic as-solidified structure to equlaxed grains
during Isothermal annedling is being studied in detall
for a Ag-2% Al alloy.

UNIVERSITY OF ILLINOIS FREDERICK SEITZ MRL
104 S. Goodwin Avenue -
Urbana, IL 61801

Howard Birnbaum - (217) 333-1370 -
Fax: (217) 244-2278

Metallurgy and Ceramics - 01 -

65. TRANSPORT PROCESSES IN LOCALIZED CORROSION
R. C. Alkire
(217) 333-3640 01-1 $216,0M

Corrosion of passivating systems. Transport, reaction,

and convective diffusion at localized corrosion sites.

Initiation at Inclusions; corrosion pit growth; corrosion

of cracks In static and dynamically loaded systems;

corrosion Inhibition.

66. DEFECTS, DIFFUSION, AND NON-EQUILIBRIUM

PROCESSING OF MATERIALS
R. S. Averback
(217) 333-4302 01-1 $238.91

lon beam studies of interfaces and diffusion;
Rutherford backscattering studles of ion beam

effects In solids; crystalline and amorphous transitions;
formal propertles of nanophase metals and alloys;
radiation damage due to ion beams. Development
of nanophase ceramics and studies of their physical
and mechanical properties. Transport properties and
structures of nanophase ceramics are being studied.

67. DEVELOPMENT OF X-RAY SYNCHROTRON
INSTRUMENTS
-H. K. Birmbaum o
(217) 333-1370 01-1 $436.500
Design, development and fabrication of X-ray
beamline equipment for the UniCat sector at the
Advanced Photon Source located at Argonne
National Laboratory, Program is interactive with Oak
Ridge National Laboratory, Nationat Institute of
Sclence and Technology. and UOP Corporation.
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68. MOLECULAR SPECTROSCOPY OF THE SOUD-LIQUID
INTERFACE
P. W. Bohn
(217) 333-0676 01-1 $82,949
In-situ molecular spectroscoplc probes used to study
the structural chemistry of corrosion inhibitors on
‘metal and metal-oxide surfaces. Raman
spectroscopy of the liquid-solid interface will be used
to determine absorbate-substrate binding and linear
dichroism to probe the supermolecular structure and
molecular orlentation. Correlation with the solution
chemistry and corrosion response willl be made,

69. CENTER FOR MICROANALYSIS OF MATERIALS
J. A. Eades, H. Farreli -
(217) 333-8396 01-1 SO

Chemical, physical and structural characterization of

materials. Surface and bulk microanalysis. Electron

microscopy. X-ray diffraction, Auger spectroscopy,

SIMS and other techniques. Collaborative research

programs.

70. MICROANALYSIS OF DEFECTS AND INTERFACES
J. A. Eades
(217) 333-8396 01-1 $131.699

Defects, Interfaces, segregation are studied by

cathodoluminescence and X-ray microanalysis in the

transmission electron microscope and by Rutherford
backscattering and channeling. Surface
convergent-beam diffraction is developed as an
analytical technique. An environmental cell for
transmission electron microscopy is under
construction.

71. ATOMISTICS OF GROWTH AND TRANSPORT AT
METAL AND SEMICONDUCTOR INTERFACES
G. Ehrlich

(217) 333-6448 01-1 $139.642

Atomic processes important in the growth of crystals
and thin fims are being characterized on the atomic
level using field lon microscopic methods. The
diffusivity of single metal atoms will be explored on
different planes of the same crystal, as well as on
different substrates, in order to establish the
importance of structure and chemistry in affecting
atomic transport and incorporation.

72. ATOMIC RESOLUTION ELECTROCHEMISTRY OF
CORROSION AND DEPOSITION PROCESSES
A. A, Gewirth
(217) 333-8329 01-1 $143,805
Scanning Tunneling Microscopy and Atomic Force
Microscopy Is applied to understanding the atomic
processes of corrosion and deposition in
electrochemical environments.

73. TRANSMISSION ELECTRON MICROSCOPY OF
SURFACES AND INTERFACES
J. M. Glbson
(217) 333-2997 01-1 $194,862
Elucidation of surface and interface structure using
quantitative transmission electron microscopy. TEM
studies of surface reactions and In-situ epitaxial
growth using Image formation using surface related
diffracted intensities. Quantitative atomic resolution
microscopy Is being applled to interface structure
and chemistry.

74. CRYSTAL GROWTH AND PHYSICAL PROPERTIES OF
METASTABLE SEMICONDUCTING, CERAMIC AND
METALLIC ALLOYS
J. E. Greene
(217) 333-0747 01-1 $342,455

Mechanisms and kinetics of crystal growth.

Metastable single crystal alioys for solar and optical

applications. lon-beam sputtering, molecular-beam

epitaxy, laser heating and low-energy lon
bombardment methods applied to ill-V based
compounds and [IIl-IV-V2 chalcopyrite systems.

75. CHEMICAL BONDING AT HETEROGENEOUS
INTERFACES
R. T. Haasch
(217) 244-2972 01-1 §12,653
Studles of chemical bonding at interfaces using
surface analytical methods. X-ray photoelection by
lon bombardment and heating. Development of
software for deconvoluting photoelectron scattering
from photoselectron spectra.

76. STRUCTURE AND STABILITY OF SMALL METAL
CLUSTERS
J. M. Mochel

(217) 333-4292 01-1 $44.620

Experimental study of small metallic clusters of
interest for their catalytic properties. Use of scanning
transmission electron microscopy to determine their
crystal structure and stabllity.

77. SURFACE AND INTERFACE X-RAY DIFFRACTICN
1. K. Robinson

(217) 244-2949 01-1 $117.269

Use of X-ray scattering methods to study the structure

and chemistry of surfaces. Development of methods
to study the structure of surfaces during MBE growth
and during corrosion. Studies of the solid-iquid
interface.
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78. TIME RESOLVED, NONLINEAR, AND NOVEL
OPTICAL SPECTROSCOPY OF MATERIALS
D. R. Wake
(217) 333-8876 01-1 §73.693

Development of optical spectroscopies to study the

electronic and optical properties of materials.

Electronic structure of superconductors studied using

resonant Raman spectroscopy to determine the

phonon modes. - '

79. ORGANIZATION OF THE SINGLE-CRYSTAL
SOUD-LIQUID INTERFACE: ENERGIES, STRUCTURES

AND ELECTRONIC SYNERGISM
A. Wieckowski .
(217) 333-7943 01-1 $130,099

Structure and properties of the solid-iquid interface.
Atomic level studies of the structure/energy '
characteristics of adsorbates In electrochemical
systems. Electrocatalysis.

80. MICROSTRUCTURE EVOLUTION, INTERFACES AND

PROPERTIES IN STRUCTURED CERAMIC COMPOSITES

A. Zangvil

(217) 333-6829 01-1 §194,31
Microstructure and microchemistry of SIC with
covalent additives, such as AIN, BN, and BeO; solid
solution formation in SiC based systems; effect of
processing varlables and additives on polytypism
and microchemistry. Interfaces and toughening
mechanisms In SIC- and mullite-matrix composites.
Application of microanalytic methods to'analysis of
the structure and microchemistry of ceramic high-T,
superconductors,

81. SOLUTE EFFECTS ON MECHANICAL PROPERTIES Of
GRAIN BOUNDARIES
H. K. Birmbaum, 1. Robertson
(217) 333-1370 01-2 $193,026

Hydrogen effects on deformation and fracture;
effects of hydrogen on dislocation mobilitties;
theoretical model of hydrogen embritlement;
interaction of disocations with grain boundaries;
solute effects on the response of grain boundaries to
stress.

82. APPLICATION OF SURFACE CHEMISTRY TECHNIQUES

TO UNDERSTANDING HETEROEPITAXY

H. Farrell

(217) 333-0386 01-2 $65,133
Quantification of bulk concentration analysis using
surface sensitive techniques, e.g., Auger Electron
Spectroscopy and/or X-ray Photoelectron
Spectroscopy, for depth profiing when differential
sputtering Induces surface segregation. Application

of surface analysls methods to study the Initial stages
of heteroepitaxy at polar interfaces. Studies of
structure and chemistry in the submonolqyer reglon.

83. COUNCIL ON MATERIALS SCIENCE
C. P. Flynn
(217) 333-1370 01-2 $54,646

Study and analysis of current and proposed basic

research programs on materials and assessment of

their relevance to problems of energy utilization.

Consideration of national facilities needs. Convening

of panel studies on selected topics.

84. CHEMISTRY OF NEW TRANSITION METAL CERAMIC
COMPOUNDS SYNTHESIZED BY MOCVD
G. S. Girolaml .
(217) 333-2729 01-2 $85,300
Synthesis of thin film ceramics by chemical vapor
deposition method. Studies of the chemistry of
precursor compounds at solid surfaces. Preparation
of transition metal carbides, boildes, and nitrides
using MOCVD methods. Characterization of the
microstructures, chemistry, electronic structure,
physical properties of the films using a varlety of
methods. Use of MOCVD methods to develop
high-T, superconductor fiims. ‘

85. HIGH TEMPERATURE MECHANICAL BEHAVIOR Of ~
CERAMICS
D. F. Socie
(217) 333-7630 01-2 $89,482
Behavior of engineering materials subjected top
complex loading involving high temperatures,
muttiaxial state of stress, and time dependent state
of stress. Macroscopic damage models are being
developed on the basis of microscopic studies of
defects accumulated in the materials, High-
temperature mechanical properties of ceramics
under uniaxial, multiaxial, and fatigue conditions.

86. MICROSTRUCTURE BASED CONTINUUM MODELLING
OF THE MECHANICAL BEHAVIOR OF MATERIALS
P. Sofronis
(217) 333-2636 01-2 $67.724
Theoretical modeliing of mechanical properties such
as hydrogen interactions with dislocations, high-
temperature creep of nanophase materials, and
sintering of ceramic compacts. Development of
algorithms for describing mechanical behavior
including time dependence and mass flow.
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87. SUBCRITICAL CRACK GROWTH IN STRUCTURAL

CERAMICS '

J. F. Stubbins

(217) 333-6474 01-2 $54,902
Micromechanisms of failure at elevated
temperatures under creep, fatigue and aggressive
environmental conditions. Role of oxide films on
crack initiation and propagation. Microstructural
examination of regions In front of cracks and of the
distocation structures are related to micromechanics
of fallure. Crack propagation kinetics in ceramics at
high temperatures and In aggressive atmospheres.
Subciitical crack growth In ceramics.

88. STRUCTURE AND KINETICS OF ORDERING
TRANSFORMATIONS IN METAL ALLOYS AND SILICIDE
THIN FILMS
H. Chen
(217) 333-7636 01-3 $145,762

Investigation of the kinetics and mechanisms of

thermally Induced structural transformation in

amorphous sliicate glasses and crystalline silicide thin
films. Emphasis is placed on the devitrification
behavior and sllicide layer growth kinetics and
interface characterization using X-ray diffraction
techniques in an in-situ manner.

89. MATERIALS CHEMISTRY OF OXIDES CERAMICS;
FIELD RESPONSIVE ORGANIC INCLUSION
COMPLEXES
W. F. Klemperer
(217) 333-2995 01-3 $180.825

Low-temperature synthesis of oxide gels and glasses

using a step-wise approach. Polynuclear molecutar

building-blocks are first assembled and then
polymerized into solid materials using sol-gel
methods. Slicate cage. ring. and chain atkoxides
and thelr polymerization reactions are studied using
multinuclear NMR spectroscopic and gas
chromatographic techniques.

90. SYNTHESIS AND PROPERTIES OF ELECTRICAL

CERAMICS

D. A. Payne

(217) 333-2937 01-3 $§252,096
Synthesls, powder preparation, crystal growth,
forming methods, materiails characterization and
property measurements on electrical and structural
ceramics. Sol-gel processing of thermal barrlers and
mechanical coatings. Chemical, electrical, and
mechanical boundary conditions in polarizable
deformable solids, twin and domain structures,
ferroelasticity and crack propagation. Amorphous
ferroelectrics. Synthesls methods and properties of
high-T, superconductors.

91. ATOMIC SCALE MECHANISMS OF VAPOR PHASE
CRYSTAL GROWTH
A. Rockett
(217) 333-0417 01-3 $158,675
Theoretical studies of the atomic scale processes
which determine the surface structures of crystals
during vapor phase growth. Monte Carlo Imulations
of the crystal surfaces including structure and
reconstruction of planes with low indices as well as
those with high indices. Experimental determination
of the surface structure during MBE crystal growth
using LEED and RHEED oscillations.

92. MAGNETIC BEHAVIOR OF NANOPHASE MATERIALS
M. B. Salamon
(217) 333-6186 01-3 $100,039

Experimental and theoretical studies of the magnetic

properties of nanophase metals and mixtures of

metals. Interfaclal effects of magnetic particles
embedded in non-magnetic matrices. Investigation
of spin waves, quantum tunneling of the
macroscopic magnetization of particles and
macroscopic quantum coherence effects. ™

93. PROCESSING OF MONODISPERSE CERAMIC

POWDERS

C. Zukoski
(217) 333-7379 01-3 $192,405

Low temperature processing of ceramics including
precipitation of monodisperse oxide powders,
rheology of monodisperse powders and mixtures, .
and studies of forces In colloldal suspensions, for the.
purpose of forming low flaw density, high
performcnce ceramics.

94. MICROSCOPIC PROCESSES IN IRRADIATED
CRYSTALS
R. 8. Averback, C. P. Fiynn
(217) 333-4302 01-4 $181,489

Fundamental processes of Iradiation induced ‘
defects In crystalline solids. Use of high resolution

_ analytical methods such as TEM, SIMS, RBS. to explore

the atomic processes at the size scale of the defect
events. Thermal spike behavior, radiation Induced -
diffusion, radiation sputtering and sink behavior are
being studied. Experimental efforts are '
complemented by molecular dynamic computer
simulations.
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95. RADIATION EFFECTS IN METALS AND-. -

SEMICONDUCTORS

I. M. Robertson .

(217) 333-6776 014 $136511 .
investigations of vacancy dislocation loop formation
and displacement cascades in Fe, NI, Cu with
Irradiations and high voltage electron microscopy (at
ANL) at 10 K to 800 K: and of amorphous zones
produced In 8, GaAs, and GaP by heavy ion
Iradiation.

Solid State Physics - 02 -

96. SYNTHESIS AND CHARACTERIZATION OF
ORGANOMETALLIC LIQUID CRYSTAL POLYMERS
T. L. Brown o
(217) 244-1176 02-2 $43,851

Synthetic routes to liquid crystal polymers containing

transttion metal organometallic functional groups are

being explored. These groups are chosen to have
special chromophoric, electric or magnetic
properties.

97. MICROSCOPIC MECHANISMS OF CRYSTAL
GROWTH
D. Cahlll
(217) 333-6753 02-2 $§57.376
Development and use of microanalytic tools to study
vapor phase crystal growth. Use of STM imaging
combined with low energy ion energy transfer to”
surface atoms to study the mechanisms of growth of
pure elements and alioys. Study of the effects of -
surface chemistry on the incorporation of adatoms.
into the crystal structure.

98. ELECTRONIC PROPERTIES OF SEMICONDUCTOR
SURFACES AND INTERFACES
T.-C. Chiang
(217) 333-2593 02-2 $185.648
Synchrotron radiation photoemission studies of
electronic properties and growth behaviors of
semiconductor surfaces and interfaces prepared In-
situ by molecular beam epitaxy; properties and
atomic structure of alloy surfaces. XPS studies of the
band structure of high-T, superconductors.
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99. OPTICAL AND MAGNETO-OPTICAL STUDIES OF THE

ELECTRONIC STRUCTURE OF SOLIDS
S. L. Cooper
(217) 333-2589 02-2 $28,788

Application of Fourler-transform photoluminescence,
reflectivity, and ellipsometry 1o study the effects of
Impurities and dimensionality on the electronic
structure of dilute magnetic semiconductor epilayers
and heterostructures. Spin-fiip Raman, Brillouin
scattering, and Faraday rotation methods will be
used to study the magnetic phase diagram of
epilayers and heterostructures.

100. GROWTH AND PROPERTIES OF NOVEL MBE
MATERIALS
C. P. Alynn
(217) 244-6297 02-2 $158,293
Determination of the mechanisms of epitaxial growth
of metals and oxides. Development of a predictive
framework for understanding the growth of
metastable and stable structures accessible by MBE
methods. Growth of multilayer systems of interest for
technological applications.

101. THEORY OF SOLIDS, SURFACES AND
HETEROSTRUCTURES
R. M. Martin
(217) 333-4229 02-2 $86,016
Theoretical studles of the properties of materials using
ab Initio calculations in a unified manner.
Development of technique applied to known
materials and extension of these methods to new
materials. Focus on problems involving many bodied.
correlations of electrons such as high-T,
superconductors, surfaces, heterostructures, and
interfaces.

102. SEMICONDUCTOR/INSULATOR STRUCTURES
H. Morkoc
(217) 333-0722 02-2 $121,522

Development of novel techniques of crystal growth

based on MBE, Gas Beam, and MOCVD methods.

Application of methods to growth of controlled

interfaces and multliayers involving semiconductors

and insulators. Understanding the electronic and
optical properties of these structures.
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103. DESIGN AND SYNTHESIS OF NEW

ORGANOMETALUC MATERIALS

T. B. Rauchfuss

(217) 333-7355 02-2 $106.221
A research program for the synthesls of
organometallic polymers. The program emphasizes
fundamental synthetic chemistry as it applles to the
design of monomers sulted for polymerization, Solids
contalning dynamic metal-metat bonds, i.e., moblle
charge density waves. Synthesis of metal clusters
containing reactive ester groups will be developed
for the applications to organometallic polyesters.
The reactivity inherent in main group vortices of
metal clusters will be used to generate .
clusters-of-clusters. Synthetic studies will focus on
charge transfer salts containing orgcnometculc
donors and acceptors.

104. MICROSCOPIC THEORIES OF THE STRUCTURE AND
PHASE TRANSITIONS OF POLYMERIC MATERIALS
K. S. Schwelzer
(217) 333-6440 02-2 §38,532
Development of novel molecular scale statistical
mechanical theories of the equillbrium properties of
polymers. Applications to the structural,
thermodynamic, and phase transition behavior of
polymer blends, copolymers, and melts.
Development of a chemically redlistic predictive
theory of behavior as a design tool for synthetic
chemists,

105. PROPERTIES OF CRYSTALLINE AND LIQUID

CONDENSED GASES

R. O. Simmons

(217) 3334170 02-2 §190,100
Measurement and theory of momentum density in
bece, hep, and liquid helium, pulsed neutron
scattering. phase transitions, and structure
determination in.solid hydrogen by neutron
diffraction, isotopic phase separation In solid helium,
thermal and Isotopic defects In hellum crystals,
quantum effects in diffusion.

106. NUCI.EAR MAGNETIC RESONANCE IN SOLIDS
C. P. Slichter
(217) 333-3834 02-2 $229,101

Investigations of layered materials and one

dimensional conductors with charge density waves,

of Group VIIi metal-alumina catalysts, and of spin
glasses using nuclear magnetic resonance methods.

Use of resonance methods to study the role of Cu

and O in high-T_ superconductivity.

107. ELECTRQ-ACTIVE AND NONLINEAR OPTICAL
POLYMERS
S. 1. Stupp
(217) 333-4436 02-2 $163,577
Synthesis and physical property determination of self
ordering chiral polymers that order in response to
external fields. Flelds of interest are electric, stress
and flow. and optical responses. Properties of
interest in these polymers are ferroelectricity,
ferromagnetism, and nonlinear optical properties.

108. METALLOPORPHYRINS AS FIELD RESPONSIVE
MATERIALS
K. S. Suslick
(217) 333-2794 02-2 $57,076
The synthesls and characterization of porphyrinic
materials with ferroelectric and nonlinear optical -
propertles are being studied. Metalloporphyrin
polymers, linked by direct metal-porphyrin chains via
lanthanide metals or bridging, non-symmetric
bifunctional ligands are being developed.
Asymmetric assemblles with large molecular species
having large dipole moments are being studied.

109. CARRIER TRANSPORT IN QUANTUM WELLS -

PICOSECOND IMAGING

J. P. Wolfe

(217) 333-2374 02-2 $103,625
Development of plcosecond imaging techniques
applled to measure the lateral transport of
photoexcited carrlers In semiconductor quantum
wells. Optical-pulse-probe methods and spatial
imaging techniques applied to GaAs/AIGaAs
multilayers. Energy distribution of photoexcited
carrlers measured with high resolution luminescence’
imaging methods used to study the scattering *
processes of carrlers and surfaces, interfaces,
impurities, and phonons.

Materials Chemistry - 03 -

110. HIGH PRESSURE STUDIES OF MOLECULAR AND- - -
ELECTRONIC PHENOMENA
H. G. Drickamer
(217) 333-0025 03-1.$180.877
Studies of the pressure tuning of elactronic energy
levels with emphasis on optical absorption
measurements Including absorption edges. metal
cluster compounds and charge transfer phenomena,
as well as semiconductor-metal interfaces.
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111. MECHNISTIC AND SYNTHETIC STUDIES IN
CHEMICAL VAPOR DEPOSITION
R. G. Nuzzo
(217) 244-0809 03-1 $§172,126
In-situ surface .analysis techniques are directed
towards understanding the atomic mechanisms of
chemical vapor deposition growth of surface films
and surface modified structures. Reactive gas-solid
interactions studied with XPS, EELS, LEED, and other
surface methods.

112. OPTICAL SPECTROSCOPY OF SURFACE
PROCESSES IN THIN-FILM DEPOSITION
E. G. Seebauer ] _
(217) 333-4402 03-3 $105.997

Surface chemistry during the deposition of GaAs films

using LEED, temperature programmed desorption,

photoreflection and surface second harmonic

generation. The chemistry of the adsorption process

and surface diffusion are being probed.

LAWRENCE BERKELEY LABORATORY
1 Cyclotron Road
Berkeley, CA 94720

Daniel S. Chemla - (510) 486-4999
Fax: (5610) 486-7768
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113. NATIONAL CENTER FOR ELECTRON MICROSCOPY
U. Dahmen -
(510) 486-4627 01-1 $1,977.,000

Organization and operation of a national,

user-oriented resource for transmission electron

microscopy. Maintenance, development, and
application’of specialized Instrumentation Including
an Atomic Resolution Microscope 1.6A point-to-point

(ARM) for ultrahigh-resolution imaging a 1.5-MeV High

Voltage Electron Microscope (HVEM) with

capabilities for dynamic in situ observations,

analytical electron microscopes for microchemical
analysis, and support facilities for specimen
preparation, computer image analysls, simulation,
and processing.

114, CRYSTALLOGRAPHY OF MICROSTRUCTURES
U. Dahmen
(510) 486-4627 01-1 $230,000

Investigation of fundamental features underlying the

evolution of microstructures in solids by application of

crystallographic techniques to the analysis of
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topology and defects in crystalline materials. -
Crystallographic relationships of precursor or parent
phases and their use In analysis of defect structures
and synthesis of new and unique microstructures with
defect configurations reflecting composite
symmetries. Electron microscopy Investigation of the
structure and distribution of defects such as
Inclusions, grain boundaries, domain walls and
dislocations. Detailed characterization of the atomic
structure of Interfaces by conventional, in-situ and
atomic resolution microscopy in tandem with
computer image simulations.

115. ALLOY PHASE STABIUTY
D. de Fontaine
(510) 486-8177 01-1 $145,000

Calculate temperature - composition phase

diagrams from first principles. Combine existing

electronic band structure and total energy

computational procedures with the cluster variation .

method (CVM) to calculate phase equilibria without

emplrical parameters. Phenomena of current

Interest are the oxygen ordering in high-temperature

superconductors and the prediction of long-period

superstructures and anti-phase boundaries in fcc
ordered substitutional alloys. Comparison with
experiment Is made using transmission electron
microscopy and X-ray diffraction.

116. STRUCTURE AND PROPERTIES OF
TRANSFORMATION INTERFACES
R. Gronsky
(510) 486-5674 01-1 $145,000
Relationship between atomic structure of
homophase or heterophase boundaries and their
properties, with aftention to the solid state reactions
that they either Initiate, catalyze or propagate.
Atomic resolution imaging, spatially-resolved
diffraction, and spatlally-resolved spectroscopy for
location and Identity of atomic species. Electron
microscopy. Computer simulation of microstructural
development and characterization methodologies
for enhanced interpretation of results.
Object-oriented code development. Engineering of
new materials through control of atomic structure.

117. THIN FILM STRUCTURES AND COATINGS
K. Krishnan
(510) 486-4614 01-1 $135,000

The goals of this research are the synthesis and

characterization of atomically-engineered thin fims

with novel magnetic, optical, and electrical
properties. Focus is on magnetic ultrathin multilayers
and fims and low-pressure deposition of diamond.
fundamental investigations of new phenomena as
well as the development, control, and optimization
of microstructures to achleve enhanced properties
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will be stressed. In addition to synthesis and property
measurement, development of nanoscale
spectroscopic, imaging and diffraction methods at -
the appropriate level of resolution, with elther
electron or photon probes, will be critical to the
success of these investigations and hence will be an.
Integral part of these research projects. Of current
Interest In this progrom are the synthesis and
understanding of ultrathin magnetic nanostructures
with novel anisotropy. coupling and transport
behavior, evolution and control of microstructures to
optimize these properties, electronlc structure
changes associated with magnetic and chemical
transitions in binary fransition metal alloys and the .
electron emissivity of diamond thin fiims.

118. CAM HIGH PERFORMANCE METALS PROGRAM
J. W. Morris, Jr., R. O. Ritchle, G. Thomas
(510) 486-6482 01-1 $723.000

This CAM program focuses on advanced metallic
materials of Interest to American industry. It includes
fundamental research on microstructure and

mechanical behavior and specific investigations of

interesting metaliic systems. it is organized’in three
projects: (1) Mechanlcal Behavior, which addresses
the mechanisms of creep, fatigue and fracture,
friction, and wear. (2) Advanced Metals, which
concentrates on the understanding and use of
functional Instabilities in the understanding and
development of modern alloys, such as eutectic
alloys for low-temperature bonding, controlled
elongation alloys for formabllity, and
electromagnetic field effects, and (3) Hard Magnets,
which attempts to predict magnetic properties
based on microstructural parameters such as graln
size. phase distribution and texture. and design
processing schemes to achleve superior
microstructure and properties.

119. CAM CERAMIC SCIENCE PROGRAM
L. C. DeJonghe, R. Cannon, B. Dalgleish,
A. Glaeser, R. Ritchie, G. Thomas, A. Tomsia
(510) 486-6138 01-3 $1,416,000

The CAM Ceramic Science Program has three linked
objectives: the development of predictive,
quantitative theories of denslfication and
microstructure development in heterogeneous
powder compacts, the application of these theorles
to produce advanced structural ceramics with
improved performance beyond 1900 K, and the
evaluation of the mechanical properties of these
ceramics, at temperatures above 1700K. It
develops model experiments that facilitate
investigation of fundamental aspects of
microstructural development and processing, and
thelr application of model ceramic systems. it
develops models and means for inftial powder
compact structural contro! including the production
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and use of coated powders; it examines the
microstructural evolution and control during
densification in relation to Interface properties; it
produces particulate ceramic composites based on
SIC, and it tests mechanical properties of such
ceramics In particular high-temperature creep and
fatigue; It characterizes micro- and nano-chemistry
and structure in relation to high-temperature
mechanical and environmental performance.

119A. CAM ELECTRONIC MATERIALS PROGRAM .
E. Haller, E. Bourret, Z. Ullental, W. Walukiewicz,
J. Washburn, E. Weber, K. M. Yu .
(510) 486-5294 01-03 $1,127.,000

Research in this program focuses on an Improved
understanding of the materlals sclence of artificiclly
structured semiconductor and semiconductor-metal
systems. Basic studies concentrate on the
relationships between synthesls and processing
conditions‘and the properties of semiconductor
materials, as modified by the resulting structural and
electronic imperfections. Growth of compound
semiconductors by metalorganic epitaxes is
combined with detall studies of structural and
electronic properties of thin fims and interfaces. .
Extensive transmission electron microscopy -
Investigations of the nature and origin of defects at
interfaces and within epitaxial layers closely
correlated with electrical measurements on the
same specimens provide feedback to the crystal
grwoth synthesls and processing work at Berkeley
and at other National Laboratorles. Optlcal
spectroscoples ranging from the near UV to the far -
infrared reglon of the electromagnetic spectium,
electron paramagnetic resonance spectroscopy and
electrical transport measurements give the
complementary electronic properties. Theoretical
and experimental work on the effects of atomic
scale diffuson and the differences between solid
solubllity limits of dopants and the maximum
concentration of free catrriers is pursued. Novel types
of processing methods including annedaling under
large hydrostatic pressures and with tunable
synchrotron radiation, to increase the electrically
active fraction of dopants, are explored. Progress in
this area Is applicable to the design of advanced -
photovoltaic energy conversion devices and of-q
large variety of sensors used in energy conversion
processes.
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120. QUANTUM SIZE EFFECTS IN SEMICONDUCTOR
NANOSTRUCTURES
D. S. Chemla
(510) 486-4999 02-2 $191.000
The objective of this program is to explore the
physical properties of low dimensionality materials,
i.e.. material systems whose sizes are intermediate
between that of atoms/molecules and that of bulk
solids. Because of quantum mechanical size effects,
the properties of such systems are size and shape
dependent and netther like those of atoms or those
of macroscopic solids. They open new avenues for
unprecedented experiments testing the limits of our
understanding of condensed matter physics (see for
example DOE Council on Materlals Science Panel
Report, J. Mater. Res. Vol. 4 No 3,704, 1989). The
research emphasizes the study of the nature and
dynamics of electronic collective excitations in
ultra-thin, quasi-2D layers, as well as the effects of
dimensionality on the light-matter interaction. Unique
spectroscopic tools able to combine
picosecond-temporal resolution with
nanometer-spatial resolution and milivolt-energy
resolution are developed. Recent work has focused
on the dynamics of the instantaneous frequency and
amplitude of coherent light scattering from quasi-2D
excitons, and on the dimensionality dependence of
the thermalization of electron-hole plasmas. The
program Is extended to the further confinement of
electronic states, into 1D and 0D, by application of
high magnetic fields.

121. SUPERCONDUCTIVITY, SUPERCONDUCTING

DEVICES, AND 1/F NOISE

J. Clarke )

(510) 642-3069 02-2 $197.,000
DC Superconducting Quantum Interference Devices
(SQUIDs) have been developed and used In a wide
variety of applications, including geophysical
measurements, noise thermometry In the millikelvin
temperature range, and the measurement of
electrical noise. An ultralow-noise SQUID
spectrometer Is used to detect nuclear magnetic
and nuclear quadrupole resonance in molecular
solids at frequencies below 1 MHz. Crigins of low
frequency magnetic noise, mechanisms of flux
pinning and dissipation, and distribution of flux
pinning energies in high transition temperature
superconductors are investigated. Novel
experiments to study one-electron and single-Cooper
palr effects in submicron junctions at milliketvin
temperatures, including Coulomb blockade, )
resonant tunneling and effects of microwaves, are in
progress.
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122. SURFACE, INTERFACE, AND NANOSTRUCTURE
STUDIES USING SYNCHROTRON RADIATION IN
COMBINATION WITH OTHER PROBES
C. S. Fadley
(510) 486-5774 02-2 $388,000

We have developed new synchrotron-radiation-

based methods for studying solld surfaces, interfaces,

and nonostructures and applied these methods
together with other techniques such as scanning
tunneling microscopy to systems of fundamental and
technological interest. A principal interest is
photoelectron spectroscopy, diffraction, and
holography with ultrahigh resolutions in energy and
angle. During the current year, new equipment
permitting for the first time combining photoelectron
diffraction and scanning tunneling microscopy was
completed, and this system was used 1o study the

growth of epitaxial magnetic oxides (F,0, on Pt (111))

and magnetic metals (Gd on W(110)). A

photoelectron spectrometer/diffractometer with

advanced capabliities for use at the Advanced Light

Source also was completed, and first experiments

begun with it. This system will provide the highest

resolutions (1:104) and intensities available at the ALS

over a broad range of energies from 5§ eV to 1500

eV. Parallel theoretical work in photoelectron

diffraction and holography involved generalizing our
computer codes so as to permit analyzing
spin-polarized photoelectron diffraction, normal
circular dichroism, and magnetic circular dichroism.

These theoretical studies include evaluating different

methods for holographically determining the atomic

positions and short-range magnetic order near
surfaces, and the successful analysis of some of the
first experimental data on dichroism In photoelectron
angular distributions.

123. FAR-INFRARED SPECTROSCOPY
P. L. Richards
(510) 486-3027 02-2 $180,000

Improvements In infrared technology are making

possible increases in the sensitivity of many types of

infrared and millimeter wave measurements. In this
project, improved types of infrared sources,
spectrometers, and detectors are being developed.

Also, improved infrared techniques are being used to

do experiments in areas of fundamental and applied
infrared physlcs where their impact Is expected to be
large. Infrared experiments In progress include:
measurements of the far-infrared absorptivity of the
new high-T. superconductors, and measurements of
the heat capacity of monolayers of adsorbates on
metal films. Improvemenits in infrared technology
Include: development of thin-film high-T,



Laboratories

superconducting bolometers for detecting X-ray,
infrared, and microwave radiation, and
development of low-T. superconducting thin-film
quasiparticle detectors and mixers for near-milimeter
wavelengths.

124. STUDIES OF THE METAL/SOLUTION INTERFACE WITH

X-RAYS

P. N. Ross

(510) 486-6226 02-2 $175,000
Development of a new method to determine the in-
situ structure at metal/solution interfaces using total
refiection of X-rays from metal surfaces at glancing
incidence and analysis of Bragg reflection parallel
and perpendicular to the reflecting plane to obtain
complete structural characterization of the Interfacial
region. Initial experiments directed towards the study
of the electrolytic reconstruction of metal surfaces
and the understanding of solvated lon-metal
interaction that causes this phenomenon (related to
the more familiar reconstruction of the (100) faces of
Au, Pt, and Ir in UHV). Recent experiments Include
determining lattice expansion accompanying
hydrogen atom adsorption (from solution) on Pt, Ir
and Pd surfaces, the 2D structure of hallde ions on Pt,
and the 2D structure of metals in the first stages of
electrodeposition. Future experiments planned for
the Advanced Light Source, where the unique high
brightness of this source Is very advantageous for the
glancing incidence geometry in these experiments.

.125. FEMTOSECOND DYNAMICS IN CONDENSED

MATTER

C. V. Shank

(510) 486-6557 02-2 $264,000
The goal of this research program is to further the
basic understanding of ultrafast dynamic processes
in condensed matter. Research efforts are directed
in two areas: development of new femtosecond
opftlcal pulse generation and measurement
techniques, and application of these techniques to
investigate uttrafast phenomena in condensed
matter and novel materlal systems. In the course of
this work we have developed measurement
techniques which allow us to resolve rapid events
with the unprecedented time resolution of a few
femtoseconds. The generation and compression of
femtosecond pulses has been extended to cover the
entire visible spectrum from 400 to 800 nm, providing
the capabliity to Investigate a large variety of
important materials. Recent work has focused on
uttrafast electron-hole dynamics in highly confined
semiconductor structures (CdSe nanocrystals).
Experimental results show clear evidence of coherent
vibrational oscillations which modulate the dynamic
dephasing of the optically excited electron-hole
pairs on a 10 fs time scale. We have developed a
novel three-pulse photon echo technique which
allows us to separate the vibrational dynamics from
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the polarization dephasing process. This technique
will have iImportant applications for studying
femtosecond processes In a variety of material
systems, Three-pulse photon echo measurements in
CdSe indicate that electronic dephasing occurs on a
100 fs time scale at 15 K, with significant contributions
from an acoustic phonon heatbath. Contributions
from acoustic phonons dominate the dephasing at
room temperature. Furthermore, we observe a
strong correlation between the particle sze and the
electron-phonon coupling strength. This Is a direct
result of the quantum confinement. Three-pulse
photon echo techniques are being applied to
studies of electronic dephasing of oxazine molecules
In solution. This will provide a foundation for studying
solvent-solute Interactions. Results Indicate a clear -
dependence of the dephasing rate on the solvent
alcohol chain length. In addition, we are applying
femtosecond technlques to study electronic and
vibrational dynamics in C,,. Relaxation processes in
this material exhibit highly non-exponential behavior
resulting from exciton-exciton annihilation process.
We also observe coherent vibrational osciflations
corresponding to breathing and pinching modes of
the C, molecule. These studies of ulirafast processes
In condensed matter will provide new information
about the fundamental properties of materials. This
knowledge will be useful for evaluating novel
materials for future energy applications.

126. EXPERIMENTAL SOLID-STATE PHYSICS AND
QUANTUM ELECTRONICS
Y. R. Shen
(510) 486-4856 02-2 $206,000
Development of linear and nonlinear optical
methods for material studies and applications of
these methods to probe properties of gases, liquids,
and solids. Theoretical and experimental
investigation of various aspects of laser Interaction
with matter are pursued. New nonlinear optical
techniques are applied to the studies of surfaces and
interfaces.

127. SURFACE THEORY
M. Van Hove
(510) 486-6160 02-2 $58.000

This project develops theoretical methods for the

analysis of surfaces and interfaces, in particular for

structure determination by varlous electron
scattering, diffraction and tunneling techniques. The
project operates In particularly close collaboration
with experimental programs at LBL. Many of the
theoretical methods developed in this project are of
particular importance for a host of experimental
techniques that will be employed by users of LBL's

Advanced Light Source. The project alsoc manages o
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database of solved surface structures. The Surface -
Structure Database (SSD) Is marketed world-wide to
provide the detalled atomic-scale structures of
surfaces determined from experiment.

128. TIME-RESOLVED SPECTROSCOPIES IN SOLIDS

P.Y.Yu

(510) 486-8087 02-2 $126,000
The main objective of this project Is to utilize
plcosecond and subpicosecond laser sources to
study the ultrafast relaxation processes that occur In
semiconductors. The processes under investigation
Include electron-phonon Interactions, trapping of
defects, phonon-phonon interactions, and
electron-electron interactions. The experiments
involve exclting dense electron-hole plasmas in bulk
or microstructures of semiconductors and monitoring
the time evolution of the electron and phonon ‘
distribution functions by Raman scattering and
photoluminescence. Another area of investigation
involves the study of properties of sofids under high
pressure. .

129. QUANTUM THEORY OF MATERIALS
M. L. Cohen, L, M. Falicov, S. G. Louie
(510) 486-4753 02-3 $374.000

Research to further basic understanding of the
physical properties of materlals and materials systems
such as surfaces and interfaces. Emphasis on
carnying out quantum-mechanical calculations on
redlistic systems so that a microscopic understanding
may be obtained from first principles. Model systems
are also examined, and new theoretical techniques
are developed. Studies Include bulk materials,
high-T, superconductors, fullerides, surface and
chemisorbed systems, interfaces, materials under .
high pressure, clusters, and defects in solids. Close
collaboration with experimentalists Is maintained
comparisons with experiment showing that the .
calculations are accurate and of predictive power.
Bulk materials research Is focused on: electronic,
magnetic, structural, and vibrational properties;
crystal-structure determination; solid-solid phase
transformations at high pressure; and defect
properties. Surface and interface research focused
on atomic, electronic, and magnetic structures.
Superconductivity research is focused on
mechanisms for high transition temperature and
possibliities of superconductivity at high pressures.

130. CENTER FOR X-RAY OPTICS
D. Attwood
(510) 486-4463 02-4 $1,932.000

The Center for X-ray Optics has made considerable

progress in setting up core programs to address

national needs In the technical areas of efficient and
high-precision transport, focusing and spectroscopic
analysis of electromagnetic radiation in the X-ray
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and ultraviolet reglons of the spectrum and the
utilization of these sub-systems In high flux
applications. Pregress in the physical, chemical, and
life sclences Is enhanced by the broad availabllity of
such applications based on new optical components
that can provide high spectral and spatial resolution,
with high throughput efficiency. Specific technical
projects Include fabrication of diffractive structures of
improved resolution and efficlency and interference
coatings on curved substrates; Investigation of
additional material combinations for improved
performance in specified spectral ranges; and the
construction of various advanced imaging
techniques based on these components,
Demonstration projects are being performed with
collaborators from Industry, universities, and other
natlonal laboratories to illustrate new scientific
capabilities based on these new technologies.
Particular attention is given to demonstrations ot
present- and next-generation synchrotron facilities of
high spatial/high spectral resolution studies in the
areas of thin fims, surfaces, and material Interfaces.

131. CAM HIGH-TC SUPERCONDUCTIVITY PROGRAM
A. Zettl, J. Clarke, N. E. Phillips, P. Richards
(510) 642-4939 02-5 $575,000

Studles In three areas: basic sclence, thin films and-
their applications, and electron microscopy. Basic
sclence activities are ditected at developing an
understanding of the known high-T, materlals in the
expectation that it will lead to other materials with
superior properties. It Includes theoretical work, the
synthesls of new materlals, growth of single crystals,
and the measurement of physical properties -
(Including magnetic susceptibility, fransport
properties, speclfic heat, isotope effects, mechanical
properties, nonlinear electrodynamics, microwave
absorption, terahertz spectroscopy. electron
tunneling. and infrared absorption). Theoretical
studies include first principles calculations and
model-based interpretations of measured properties.
Thin fiims and applications research includes
fabrication and processing. Investigation of physical
and electrical properties, development of thin-film
devices, including SQUIDS and other applications of
Josephson devices, and bolometric radiation sensors.
The electron microscopy research features atomic
resolution imaging of cations, which enables defects,
grain boundary structure, interface epitaxy, and
composition to be analyzed and related to synthesis
conditions and to physical properties. Fullerene
materials are also synthesized and explored by
electron microscopy and transport measurements
and theory. The program benefits from
collaborations with M. L. Cohen, U. Dahmen,

L. Falicov, D. de Fontaine, R. Gronsky. E. Haller,

C. Jeffiles, L. DeJonghe, V. Kresin, S. G. Loule,

D. Olander, A. Partis, J. Reimer, M. Rubin, R. Russo,
G. Thomas, J. Washburn, and P. Y. Yu
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Materials Chemisiry - 03 -

132, LOW-TEMPERATURE PROPERTIES OF MATERIALS
N. E. Phillips
(510) 486-4855 03-1 $148,000

Measurements of low-temperature properties of

materials, particularly superconductors, to contribute

to the general understanding of materials properties
and structure-property relations. The emphasis Is on
specific heat measurements (6 mK to 130 K; pressures
to 20 kbar; magnetic fislds to 10 T), but the etectrical
resistivity and magnetic susceptibliity are also
measured in cases of Interest. Current investigations
are malnly on high-T, oxide superconductors and
heavy-fermion compounds.

133. CAM BIOMOLECULAR MATERIALS PROGRAM
M. D. Alper, D. Charych, J. F. Kirsch,
D. E. Koshland, Jr., P. G. Schuliz, R. Stevens,
C.-H. Wong .
(510) 486-6581 03-2 $556,000
The goal of this research is the use of natural
blological processes and molecular or varants of
them in the synthesls of new materials. One
component focuses on the use of natural,
engineered and “created" enzymes to synthesize
new materials. The unique stereochemical control
exerted by enzymes and their abllity to catalyze
reactions at tow temperature will allow the synthesls
of materlals with structures and therefore properties
that cannot be achleved using conventional
synthetic routes. Efforts are focused on the design of
reaction conditions for the enzymatic synthesis of
polymeric materials; enginesering of enzyme structure
and activity to allow the binding and polymerization
of novel monomers; generation of catalytic
antibodies for materials synthesis; characterkzation
and processing of the polymer products of these
reactions and understanding the structure/function
relationships of this new class of materials. Work is
. also progressing on the synthesis of organic thin films
which mimic the biologlcal membrane to alter
Interfaclal and surface properties, and to fabricate
sensor devices. Thin-film sensor have been
developed to detect influenza virus, botullsm and
cholera toxins. Work is beginning on adapting to the
synthesls of new material the strategles employed by
living organisms to design and synthesize materials
with specific desired properties for their needs.
*Funded jointly with the Division of Energy
Biosclences, (DOE). Energy Biosciences supports the
more biological aspects of the program, Materlals
Sclences supports the aspects focused on materlals.
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134. CAM POLYMERS AND COMPOSITES PROGRAM
M. M. Denn, A. Bell, A. Chakraborty, D. Gin, -
S. Muller. B. Novak, J. Relmer, D. Theodorou
(510) 486-0176 03-2 $601,000

Development and syntheslis of high performance
polymeric materials. Currently the program consists
of two projects: anisotropic polymeric materials, -
polymer/substrate interactions. Both are focused on
the prediction and control of microstructure during
the processing of polymeric materials. The first

(M. M. Denn) looks primarlly at liquid crystal polymers,
using theology. NMR, thermal analysls, and structural
theory to elucidate how orlentation and stress
develop during shaplng. The way in which the
multi-phasic nature of the polymer melt affects
macroscopic orlentation and orientation rates is of
particular concern. The second project o
(D. Theordorou) emphasizes the theory of polymer -
conformation and stress state near a solid Interface
as a means of defining the Influence of surface
interactions on bulk orlentation and stress, and
hence on propertles and adhesion. Polymer
synthesls and the development of computational
methods for predicting structure development and
the onset of dynamical instabllities are integral
components of both project areas.

135. "NEW INITIATIVE" ATOMIC LEVEL STUDIES OF
TRIBOLOGICAL PROPERTIES OF SURFACES AND
LUBRICANTS )
M. Saimeron
(510) 486-6230 03-2 $466.000

The purpose of this program Is to understand the

basic physical and chemical processes that govern

the tribological properties of surfaces (adhesion,
friction, and wear) and to determine the role of -
surface flims of lubricants in modifying these
tribological propertles. The atomic structure of
surfaces and the mechanical properties of adheslon
and friction at point contacts are studled with the

Scanning Tunneling Microscopy (STM) and the

Atomic Force Microscope (AFM). These techniques

allow the study of the substrate atomic structure and

that of the adsorbate before and after contact. A

Surface Force Apparatus (SFA) is used In

combination with Second Harmonic and Sum

Frequency Generatlon to study the conformation

(orlentation) and vibrational properties of ,

monomolecular fims in-situ, during compressive and

shear stresses. Studies employ simple model
lubricants including atomic adsorbates (O, C., S. etc.).
simple organic molecules, and long chain ~
hydrocarbons (akylsllanes, perfluorinated
hydrocarbons) that can form self-assembled
monolayers covalently bonded to various surfaces.
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136. SEMICONDUCTOR THIN FILMS USING

NANOCRYSTAL PRECURSORS
P. Alivisatos
(510) 643-7371 03-3 $136.000

Methods have been developed to prepare
monodisperse, high quality, nanometer size
crystailites of many common semiconductors. We
are investigating the phase diagram of these
nanocrystals.. We find that they meit at lower
temperatures than the bulk solid, and that they
transform to denser phases at higher pressures than
the bulk. These nanocrystals can be bound to metal
surfaces using self-assembled monolayers. We are
Investigating the use of these surface-bound
nanocrystals as low temperature precursors to thin
films. .

137. GROWTH MECHANISMS AT HETEROINTERFACES
D. Loretto, C. A. Lucas
(510) 486-6171 03-3 $340,000

Study of growth mechanisms, structure and phase
transitions in thin-fim heterostructures where there is a
large change In electronic structure across the
interface. Determination of relationship between
growth mechanism and electronic and atomic
structure by application of fransmission electron
microscopy. synchrotron X-ray diffraction, electron

" diffraction and X-ray photoelectron spectroscopy to
thin films grown by molecular beam epitaxy.
Emphasis on combining information from In-situ and
ex-situ studles. Synthesis of novel thin-film structures
of potential interest for technological applications.

138. NUCLEAR MAGNETIC RESONANCE
‘A. Pines :
(510) 486-6097 03-3 §776,000

The Nuclear Magnetic Resonance (NMR) program
has two complementary directions. The first is the
development of new concepts and techniques in
NMR in order to extend its applicability to a wide
range of problems and materials. Such an
undertaking involves the development of new
theoretical approaches and experimental methods.
Some developments currently underway in this
direction are lterative and muttiple-pulse sequences,
geometric quantum phase, muttiple-quantum NMR,
2ero-fleld and SQUID-NMR, double-rotation NMR of
quadrupolar nuclel, NMR imaging of density and
flow, optical pumping and surface-enhanced NMR.
The second direction Involves the application of
nove! NMR methods and Instrumentation to materials
research. The developments above are being used,
for example, to study clusters and nanostructures,
conductor oxides, sllicates, zeolites,
aluminophsphates, catalysts, iquid crystals, polymers,

_lcosahedral materials, and glasses.
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139. CAM SURFACE SCIENCE AND CATALYSIS
PROGRAM
G. A. Somorjal, M. B. Saimeron, Y. R, Shen,
M. A. Van Hove
(510) 486-4831 03-3 $1,173,000
The Surface Sclence and Catalysis program
emphasizes atomic level surface characterization
and the relationship between macroscopic chemical
and mechanical properties and propertles on the
molecular scale. The Surface Instrumentation
development Is an important part of the project. The
Surface Sclence effort Includes studies of atomic
scale surface structure of solids and adsorbed
monolayers; the chemical (bonding reactivity) and
mechanical (adhesion, fiiction, iubrication) properties
are Investigated. Hard coatings, oxide films and
oxide-metal, metal-metal, and metal-polymer
interfaces are prepared by vapor, plasma or sputter
deposition. Catalysls research Is focused on
correlating macroscopic catalytic properties of
microporous crystaline materials and model single
crystal surfaces with thelr atomic surface structure,
chemical bonding. and composition. The catalytic
materials Investigated include transition metals,
zeollites and other oxides, sulfides and carbides. The
roles of additives that are surface structure or
bonding modifiers are explored. Catalyzed reactions
of Interest include selective hydrocarbon conversion
to produce clean fuels, nitrogen oxide reduction,
hydrogenation and methanol synthesls. The
Scanning Tunneling Microscopy (STM) and related
techniques (AFM, SFA), digital low energy electron
diffraction (LEED) and nonlinear laser optics (SFG and
SHG) are the focus of surface instrumentation
development. The Surface Instrumentation project
develops new experimental techniques for the
atomic and molecular scale characterization of
surfaces. These include the scanning tunnsling and
atomic force microscopes (STM, AFM), nonlinear
optical techniques of sum frequency and second
harmonic generation (SFG, SHG), and-surface
crystallography by LEED.

140. SYNTHESIS OF NOVEL SOLIDS
A. M. Stacy
(510) 642-3450 03-3 .$150.,000

Research on new synthetic procedures for the

preparation of advanced materials with potentially

useful electronic and/or magnetic properties.

Current research Is focused In three project areas:

1) Precipitation of oxide superconductors from ionic

liquids; 2) Preparation and characterization of new

layered niobium oxide superconductors; and

3) Investigation of cooperative interactions in rare-

earth transttion metal phosphides. The structure and

properties of the materials that are synthesized are
determined In order to comrelate synthesls and
properties, as well as structure and properties.
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141. STIMULATED DESORPTION OF HALOGENS
J. A. Yarmoff
(909) 787-5336 03-3 $49,000

The interaction of radiation with surfaces is employing

desorption Induced via electronic transitions (DIET)

techniques, which monitor the ions produced by
core-level excitation, Of particular Interest are the
types of chemical systems that are important in the
processing of semiconductor devices. Synchrotron
radiation-based techniques, e.g., soft X-ray
photoelectron spectroscopy (SXPS) and photon
stimulated desorption (PSD), are performed at the

National Synchrotron Light Source, Brookhaven

National Laboratory, and at MAX-LAB in Lund,

Sweden. In addition, at the University of Californiq, -

Riverside, studies of surface damage Induced via

electron stimulated desorption (DSD) are performed.

A number of halogen-semiconductor systems have

been investigated., Including XeF,/S, XeF,/GaAs,

Cl,/GaAs, /S, and 1,/GaAs. From this work, a model

of the halogen etching process of semiconductor

surfaces, based on the electronic structure of the
near-surface region, has been developed. DIET
studies of the CaF,/Si(111) Interface have provided
information on the formation of F-center defects In
ionic solids.

Facility Operations - 04 -

Brian Kincaid - (610) 486-4810
Fax: (510) 486-4960

142, 1-2 GEV SYNCHROTRON LIGHT SOURCE R&D
B. M. Kincald
(510) 486-4810 04-1 $22,075.000

The Advanced Light Source (ALS) at the Lawrence

Berkeley Laboratory (LBL) is delivering X-rays of

unprecedented brillance to a range of users from

industry, academia, and government laboratories.

The construction of this project was completed in

March 1993. First ight was seen in October 1993,

and new beamlines have been Installed at a steady

pace since then. Three undulator beamliines are
now operational and three bend-magnet beamlines.

Here are a few highlights from recent research.

(1) The technique of soft X-ray fluorescence

spectroscopy has been elevated to a powerful

method for the Investigation of the electronic
structure of burled interfaces and other systems of
importance to the microelectronics industry.

(2) Photoemission measurements have been

performed on exceedingly small samples of

radioactive curlum. This opens up the possibllity of
looking at frace quantities of toxin or radloactive
samples without need for elaborate protection
safeguards. We foresee applications to nucleor
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nonproliferation and environmental remediation.

(3) An 1BM group has successfully demonstrated Its
first X-ray "spectromicroscope” at the ALS. The abillity
to perform X-ray spectroscopy on tiny features such
as those on semiconductor microchips and magnetic
disk-drives for high-density Information storage Is
expected to be the mainstream new activity at the
ALS; In addition to research activities, the ALS has
vigorous outreach program to local industry. Intent
to perform experiments has been expressed In intel,
Chevron and Charles Evans & Associates. 1BM
already has a strong presence.

LAWRENCE LIVERMORE NATIONAL .
LABORATORY

P. O. Box 808

Livermore, CA 94550

Joff Wadsworth - (510) 423-2184
Fax: (510) 423-7040

Metallurgy and Ceramics - 01 -

143. SYSTEMATICS OF PHASE TRANSFORMATIONS IN
METALLIC ALLOYS
L. Tanner :
(510) 423-2653 01-1 $202,000
Investigations of the systematics of solid-to-solid
phase transformations In metallic alioys. Thermal
and/or mechanical treatments are belng used to
transform one crystaliine phase to another.
Characterization of microstructures by opticai and
conventional and high-resolution transmission
electron microscopy, as well as X-ray and electron
diffraction. Correlation of results with current .
thermodynamic and kinetic models for diffusional
(replacive) and non-diffusional (displacive)
transformations. . Theoretical modeling of alloy phase
stabllity and phase transformation modes are being
carried out using a combination of quantum
mechanics and statistical mechanics methods.
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144. EFFECT OF IMPURITIES, FLAWS AND INCLUSIONS
ON ADHESION AND BONDING AT INTERNAL
INTERFACES
W. E. King. G. Campbell, S. M. Folles, A. Gonls
E. Sowa
(510) 423-6547 01-2 $454,000

Expermental and theoretical investigations of the

effects of impurities, flaws and inclusions on adhesion

and bonding at internal interfaces. Specifically,
structure and properties of grain boundaries in Nb
and Mo. Ab Initio electronic structure calculations
using the real-space multiple-scattering theory.

Interface structure calculations using the embedded

atom method and model generalized

pseudo-potential theory. Bicrystals for experimental
studies fabricated using ultra high vacuum diffusion
bonding. Determination of interface atomic
structure using quantitative high resolution electron
microscopy. Property measurements include grain
boundary energy and grain boundary diffusion.

145, ROLES OF INTERFACES AND INTERPHASES ON

SUPERPLASTICITY IN CERAMICS

T. G. Nieh .

(510) 423-9802 01-5 §197,000
Research program focused on developing a basic
understanding of the effects of interfacial chemistry,
structure, and the presence of different phases. in
particular thin films, on the sliding properties of an
interface. Fabrication of metallic and ceramic
bicrystals with controlled orientations and interfaces
using the LLNL diffusion bonding machine.
Characterization of interfaclal coheslon, structure,
and other mechanical properties. Effects of liquid
fiim to be studied using quartz bicrystal interleaved
with a B,O, layer. Theoretical approach to
incorporate ab Initio total energy methods and
molecular dynamics simulations.

Solid State Physlcs - 02 -

146. SCIENCE OF THIN FILMS AND CLUSTERS
L. L Chase. A. V. Homza. J. G. Tobin
(510) 422-6151 02-2 $349.,000

The electronic and geometric structures of surfaces,
Interfaces and ultrathin films constructed from
nanocrystalline clusters are investigated. A
combination of unique synthesls methods and
powerful characterization techniques are used to
study nanoscale properties, such as quantum
confinement, and to address Issues like grain
boundary effects and structure-property relationships
in nanophase systems. Characterization methods
include photoselectron spectroscoples, EXAFS, X-ray
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diffraction, scanning tunneling and force microscopy.
TEM., and small angle electron scaftering. The
evolution of properties as a function of particie size
from the nanoscopic to macroscoplc scale will be
used to develop a strategy for the preparation and
utilization of novel assemblies of ciusters. In other
Investigations, the effects of energy-selective,
nonthermal, electronic excitation of substrate or
coating material on overlayer growth and
morphology are explored. Optical and synchrotron
sources are used to excite valence, core, and.
surface states, and surface analytical techniques are -
employed to characterize the resulting changes in
coating or surface layer properties. A baslc
understanding of the mechanisms whereby overlayer
growth can be controlled or modified by selective
nonthermal excitation is sought. Materlals and
processes studled include oxidation of § and other
semiconductors, deposition of insulating or
semiconducting thin films, and lon-implanted layers,
and "buckybaltls.”

147. OPTICAL MATERIALS RESEARCH
S. A, Payne

(510) 423-0570 02-2 $233.000

Linear and nonlinear optical properties of optical
materlals are Investigated including behavior at high
laser Intensities and during ultrashort pulses of light.
Properties measured and modeled include .
absorption and emission spectra and cross sectlons,
lifetimes of optical excitations, and nonlinear .
transmission and propagation effects. Coherence
properties of optical excitation are Investigated with
subplcosecond time resolution. Spectroscopic
properties of laser ions in crystals and glasses are
Investigated using linear and nonlinear spectroscopic
techniques. In support of this work new.optical
materlals are prepared and characterized.

Materlals Chemistry - 03 -

148. GROWTH AND FORMATION OF ADVANCED -
HETEROINTERFACES
L. J. Terminello
(510) 423-7956 03-2 $485.000
Microscoplc Investigation of solid heterointerfacial
growth and formation. Experimental determination
of evolution of the atomic geometry and electronic *
structure during Initial stages of interface formation.
Comblnes holographic, utllizes synchrotron-based
probes of In-situ prepared materials. Utilizes
photoelectron holography, X-ray standing wave,
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valence-band and core-level photoemission, and
near-edge photoabsorption to Investigate .
heterojunction. Theoretical modeling using ab Initic
molecular dynamic simulation from self consistent
interatomic forces.

LOS ALAMOS NATIONAL LABORATORY
P. O. Box 1663
Los Alamos, NM 87545

Don M. Parkin - (605) 667-9243
Fax: (505) 665-2992

Metallurgy and Ceramics - 01 -

149. UNIFIED THEORY OF EVOLVING
MICROSTRUCTURES
" R. Lesar, E. A. Holm, A. D. Rollett, D. J. Srolovitz
(505) 665-0420 01-1 $252,0600

Fundamental theory and modeling of microstructural
evolution, combining materials modeling techniques
to bridge length scales from the atomistic to the
microstructural. Atomistic simulations are belng used
to examine grain-boundary mobility, dislocation
Interactions with grain boundaries, etc.
Dislocation-dynamics simulations will be used to
examine the role of dislocation microstructural
evolution in the presence of moving grain -
boundaries. Information from the atomistic and
dislocation dynamics are being incorporated into
more accurate, three-dimensional, Potts model
simulations of grain growth, recrystallization, and
other dynamic phenomena. Application of the
modeling is being applied to aluminum and other
materials for which there Is data on dislocation
dynamics, annealing of dislocation structures,
dynamic recrystallization, etc.

150. NEUTRON IRRADIATION INDUCED METASTABLE
STRUCTURES
K. E. Sickafus, M. Nastasi
(505) 665-3457 01-4 $687,000

Iradliation phenomena and damage microstructures
resulting from neutron irradiation of ceramics and
intermetallic compounds. Investigation of cascade
damage events in model materials, complemented
by physical property measurements and ion
Iradiation tests, where the latter can elucidate
neutron damage effects. Computer simulation Is
used to assist in understanding the nature of
damage events.
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15]. STRUCTURAL CERAMICS: INTERFACIAL EFFECTS
AND VERY HIGH-TEMPERATURE MECHANICAL
BEHAVIOR '

T. E. Mitchell, W. R. Blumenthal, A. L. Graham,
J. J. Petrovic, D. S. Phillips, A. F. Voter .
(505) 667-0938 01-5 $817.,000

Our goal Is to investigate the mechanical behavior
of advanced structural ceramic materials. This
presently involves two research programs. The first is
assoclated with deformation and fracture studies of
single crystals of oxide and non-oxide ceramics at
very high temperatures. The second Involves
fundamental investigations of the nature and
propertles of interfaces important to structural

- ceramic composite systems. Modeling efforts are

assoclated with both programs. Materlals currently
being studied include YAG.SI,N4, SIC, and MoSl,. -
Our emphasis is on the mechanical behavior of
structural ceramics, including composites, at very .
high temperatures. The fundamental nature of
Interfaces and thelr role In determining mechanical -
behavior Is an Important aspect of the research. -
Investigations being pursued on the deformation
behavior of single crystals of Si;N,. MoSi,, and YAG
will be extended to perovskites such as LaAIO,,
spinels such as Mg,CRO,, and other complex oxides
and sfiicides. We wiil establish melting fabrication
facilities for the growth of such crystals and also for
eutectic systems. Modeling aspects will emphasize
fracture and plasticity effects and atomistic
simulations of defects such as dislocations In the very -
high-temperature ceramics, with Interatomic
potentlals developed for these materials which will
allow atomistic calculations of features such as
dislocation core structures.

152, METASTABLE PHASES AND MICROSTRUCTURES
R. B. Schwarz, T. E. Mitchell
(505) 667-8454 01-§ $220.000

Fundamenta!l research on the theory, synthesls, |
microstructures, and properties of materials with
metastable.phases. The research includes: (a) the
synthesis of amorphous alloys by mechanical alioying
and interdiffuslon; (b) the study of phase equllibria
and transformation kinetics In solid-state
transformations; (¢) the characterization of
microstructures at atomic level of resolution .
developed during solid-state transformations: (d) the
relationship between microstructures and properties
in metastable and transformed materials; (e) the
application to material properties such as
mechanlcal strength, magnetic behavior, cmolysls
and superconductivity; and (f) the study of the
microstructure, twin morphology, and dislocation
structure in high-T, pervoskites and ifs relation to
transport properties.
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153. MECHANICAL PROPERTIES
M. G. Stout, U. F. Kocks
(505) 667-4665 01-5 $448,000

Response of metals to multlaxial loading and large
strains, yleld surfaces. multiaxial stress-strain
relationships, stress path changes, Bauschinger
effects. Characteristics of mechanisms controlling
the large strain deformation of aluminum, nickel, iron,
copper, brass, tantalum, zirconium, and titanlum,
Sub-structural and textural evolution with strain, strain
state, and strain rate. Predictions of texture evolution
using crystal plasticity and strain-rate sensitivity.
Kinetics of plastic flow at room and elevated
temperatures. Phenomernilogy and mechanisms of
dynamic and static recrystallization.
Alumina/niobium interface fracture. Measurements
of mixed mode fracture energles of homogeneous
materials and interfaces between material couples.
Fractographic and analytic analysis of interface
fracture.

Solid State Physics - 02 -

154. CONDENSED MATTER RESEARCH WITH THE

LANSCE FACILITY

R. Pynn

(505) 667-6069 02-1 $1,865.000
Research In condensed-matter sclence using the
pulsed spallation neutron source (LANSCE) at Los
Alamos National Laboratory. Topics of current
_- Interest include the structure of polymers, polymer
blends, colloids and other macromolecular systems in
the bulk and at surfaces and interfaces, the vibration
spectra of organometallics, atomic arrangements of
high-temperature superconductors, actinides and
metal hydrides, crystallography at high pressures,
texture and preferred orlentation In metallurglcal and
-geological samples, the structure of magnetic
multilayers, and residual stress in engineering
components. Extensive collaborations are in place
with researchers working on other programs at Los
Alamos, as well as with staff at various outside
Institutions. These Interactions cover a broad range
of applications of neutron scattering to materials
sclence, chemical physics, crystallography and
structural biology. .

155. INTEGRATED MODELING OF NOVEL MATERIALS
K. S. Bedell, A. R. Bishop, A. F. Voter
(505) 667-6491 02-2 $563.000

This Is a core program In condensed matter and
materials theory aimed at extending the theory base
avallable for modeling novel electronic and
structural materials. Such an integrated theory base
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Is essential to the challenges of controlling and
utilizing the unusual properties of such materials for
applications in device and other technologies. A
combination of techniques are represented, drawn
from solid state and many body physics and
quantum chemistry, including state-of-the-art
analytical and numerical approaches. This
theoretical technology base Is used to develop new
techniques and to couple them with integrated
synthesis-characterization-modelling programs at Los
Alamos and elsewhere. The modeling Is aimed at
both the basic electronic structure of strongly
correlated materials, and the development of
interatomic potentials for directionally bonded
materials.

156. PHOTOELECTRON SPECTROSCOPY OF
TRANSURANICS UTILIZING A TUNABLE ULTRAVIOLET
LABORATORY LIGHT SOURCE
A. J. Arko, R. J. Bartlett, J. J. Joyce,

D. D. Koelling, J. Lawrence, M. Norman,
P. Riseborough '
(505) 665-0758 02-5 $465,000

Photoelectron spectroscopy. with photons from the

new laser-plasma tunable light source, for exploring

the electronic structure of the 5f electrons in the
actinide series; Including an investigation of the
localization-delocallzation mechanism for f-electrons.

The transition to localized f-states for the actinides

will be microscopically probed and correlated with

parameters such as Coulomb correlation energy,
band width, hybridization strength, dispersion,
anisotropy, and lifetimes; which are readily obtained
from photoemission data. Emphasis will be placed
on heavy Fermion compounds forming the boundary
between localized and band states. The ultraviolet
laboratory light source has tunability in the VUV
range (30 eV to 200 eV) allowing full use of the
powerful resonance photoemission technique to
separate out the 5f as well as other orbital features
in the spectra. The unique time structure of the laser
pulses allows the utilization of pump and probe
experiments to study empty 5f states just above the

Ferml energy and fully complement the standard

photoemission Investigation of filled states.

157. HIGH-TEMPERATURE SUPERCONDUCTIVITY AND
CORRELATED ELECTRON MATERIALS
Z. Fisk, P. C. Hommel, R. H. Heffner, J. L. Smith,
J. D. Thompson
(606) 677-6416 02-5 $830,000
Effort focuses on developing a fundamental
understanding of correlated electron materials by
investigating the Interplay among structural,
magnetic and electronic properties of high-Tc and
heavy-fermlon compounds in addition to other
related narrow-band materials exhibiting valence
and spin fluctuations and unconventional magnetism
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and superconductivity. A broad range of
experimentatl techniques Is used In these studies,
including resistivity, magnetic susceptibliity, specific
heat, nuclear magnetic resonance, neutron
diffraction and scattering, muon spin rotation, X-ray
absorption fine structure, ultrasound, thermal
expansion, Mossbauer spectroscopy. chemical
analysis, and new materials synthesis. Many of the
measurements are made at extremes of very high
pressures, high magnetic fields, and very low
temperatures. The approach taken to understanding
electronic correlations in f-electron systems and
applying this knowledge 1o the more complicated
and technologically important d-electron materials
provides a broad perspective on the physics of these
materials.

158. THERMAL PHYSICS
G. W. Swift, R. E. Ecke
(505) 665-0640 02-5 $275,000

Experimental investigations of pattern formation and
nonlinear dynamics In fluld systems: thermal
convection involving nonlinear traveling waves,
spatial and dynamic scallng, pattern dynamics;
liquid-solid dissolution, mass transfer, turbulence and
solid morphology. Experimental and theoretical
studies of novel engines: acoustic engines (both
heat pumps and prime movers) using liquids and
gases; acoustic turbulence; sterling engines using
liquids and superfluids: regenerators, heat
exchangers, mechanicals, seals.

Materials Chemistry - 03 -

159. LOW-DIMENSIONAL MIXED-VALENCE SOLIDS
B. I. Swanson, A. R. Bishop
(505) 667-5814 03-2 $315,000 -

This is a theoretical and experimental effort to
characterize the model low-dimensional
mixed-valence solids as they are tuned, with pressure
and chemistry, from a charge-density-wave (CDW)
ground state towards a valence delocalized state.
The systems of interest are comprised of alternating
transition metal complexes and bridging groups that
form linear chains with stirong electron-electron and
electron-phonon coupling down the chain axis. The
ground and local gap states (polarons, bipolarons,
excitons, and kinks) are characterized using
structural, spectroscopic and transport
measurements and this information Is correlated with
theoretical predictions. The theoretical effort
includes quantum chemistry, band structure, and
many-body methods to span from the Isolated
transttion metal complexes to the extended
Interactions present in the solid state.
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Facllity Operations - 04 -

Roger Pynn - (505) 665-1488
Fax: (505) 665-2676

160. LANSCE OPERATIONS SUPPORT, SPECTROMETER

DEVELOPMENT, AND USER SUPPORT

R. Pynn

(505) 667-6069 04-1 $2,052,000
Neutron beams for condensed matter research at
LANSCE are produced when a pulsed, 800 MeV
beam of protons Impinges on a tungsten target. The
proton beam is accelerated to 800 MeV by the Los
Alamos Meson Physics Facllity (LAMPF) linac and its
time-structure Is tailored by a Photon Storage Ring
(PSR) whose operation is partially supported by the
Office of Basic Energy Sciences. Most of the
neutrons produced by proton spallation In the
LANSCE tungsten target have too high an energy to
be useful for condensed matter research. To
produce neutron beams of suitable energles, four
moderators-three using chilled water and one using
liquid hydrogen - surround the target assembly. The
intense neutron beams produced by the LANSCE
target-moderator assembly provides higher
Instantaneous data rates than have ever been
experlenced before at a similar installation. To
facllitate the acquisition of neutron scattering data
at such an intense source, a new generation of
uttra-fast, computer-based modules has been
developed using the internationatl standard FASTBUS
framework. Sultable neutron scattering
spectrometers make optimum use of the source
characteristics provided by the PSR and the
advanced target-moderator system. The
spectrometers at LANSCE are used by researchers
from government laboratorles, academia, and
Industry. Such a national user program requires
LANSCE support personnel to assist In the operation
of spectrometers and to familliarize users with the
safe operation of the facllity. A scientific
coordination and liaison office has been established
with the responsibility for dissemination of information
about LANSCE and coordination of the user
program.
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NATIONAL RENEWABLE ENERGY LABORATORY.

1617 Cole Boulevard
Golden, CO 80401

Robert A. Stokes - (303) 231-7625
Fox: (303) 231-1997

Metallurgy and Ceramics - 01 .

Satan K. Deb - (303) 384-6405
Fox: (303) 231-1271]

161. GROWTH AND PROPERTIES OF NOVEL ORDERED
1I-VI AND llI-V SEMICONDUCTOR ALLOYS
A. Mascarenhas, J. Olson, A. Zunger
(303) 384-6608 01-1 $500,000

The primary focus of this project Is a combined
experimental-theoretical effort aimed at
understanding spontaneous long-range order in
Isovalent lII-V/Iil-V and II-VI/II-VI semiconductor alloys.
It includes () MOCVD growth of lii-V alloys such as
GaP/InP, AIP/GaP, AIP/InP, AlAs/InAs, and
GaAs/GaP, (i) MBE growth of II-VI alloys such as
InTe/MnTe, ZnTe/Cdle, and ZnSe/ZnTe (Professor

J. Furdyna, Notre Dame), (i) Raman, modulation
reflectance photoluminescence and reflectance
difference spectroscopy studies of ordering In the
above systems, and (iv) first-principles theoretical
studies of surface-induced. epltaxally-induced and
bulk ordering In these systems, as well as prediction
of optical consequences of ordefing (polarization,
band gap narrowing, crystal field splitting).

Solid State Physics - 02 -

162. SEMICONDUCTOR THEORY
A. Zunger
(303) 231-1172 02-3 $208,000

First-principles band structure, total energy. and

stotistical mechanical (cluster variation and

Monte-Carlo) methods are used to predict slectronic

and structural properties of bulk and epitaxial

semiconductors superlattices, surfaces, alloys and
nanostructures emphasizing chemical trends and
properties of new, energy-related materials. Current
work Includes: (1) prediction of optical and
dielectric properties of semiconductor quantum dots,
wires, and films; (2) electronic structure of ‘random
superlattices"; (3) first-principles prediction of alloy
thermodynamic quantities (e.g.. phase-diagrams) for
buk AB,,C semiconductor alioys including
order/disorder transitions, miscibility gaps, and
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ordered stolchiometric compounds. These methods
are also applied to metaillic cases, e.g.. NIV, PdV, .
CuPd; (4) calculation of valence band offsets in II-VI,
-V, and -I-VI semiconductors; (5) prediction of
properties of unusual ternary materials, e.g., ordered .
vacancy compounds A'B,"C," (e.g.. CdinSe,).

(6) order-disorder transitions In ternary chalcopyrites
(e.g., CuinSe, and magnetic semiconductors (e.g.,
MnS, MnSe, MnTe); (7) Surface reconstruction ’
calculations for lii-V semiconductors and alloys.
Theoretical tools include: (o) the total energy
non-ocal pseudopotential method. (b) the
all-electron Mixed Basls Potential Variation band .
structure method, (¢) the total energy full-potential
linearized augmented plane wave (LAPW) method,
(d) the cluster variation approach to the Ising .
program, applied to binary and pseudobinary phase
diagrams, and (e) Monte-Carlo and :
simulated-annealing calculations of Ising models
derived from first-principles.

OAK RIDGE INSTITUTE FOR SCIENCE AND
EDUCATION
Oak Ridge, TN 37831

Robert Wiesehuegel - (615) 676-3383
Fax: (615) 576-0202

Metallurgy and Ceramics - 01 -

163. SHARED RESEARCH EQUIPMENT PROGRAM
N. D. Evans, E. A. Kenlk
(615) 576-4427 01-1 $144,000

Microanalysis faclities within the Metals and
Ceramics Division of Oak Ridge National Laboratory
(ORNL) are availabie for collaborations In materials
science between researchers at universities,
Industries. or other government laboratories and
ORNL staff members. Facllities are avallable for
state-of-the-art analytical transmission electron
microscopy, scanning electron microscopy, atom
probe/fleld lon microscopy, irradiation studies, ion
beam treatments, nuclear microanalysis, and
mechanical properties measurements at high spatial

- resolution. Analytical electron microscopy

capabilities include energy dispersive X-ray
spectroscopy (EDXS), parallel-detection electron
energy loss spectroscopy (PEELS), post-column
energy filtering, and convergent beam electron
diffraction (CBED). High resolution electron
microscopy., low temperature (100 K), high
temperature (1500 K), In-situ deformation, and video
recording facllities are available. Surface analysls
facllities include three Auger electron spectroscopy
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(AES) systems and three (0.4, 2.5, and 4.0 MeV) Van
de Graaff accelerators for rddiation effects studies
and on beam modification treatments. A
mechanical propertles microprobe with high lateral
(0.3.pm) and depth (0.16 nm) resolution, can
characterize elastic/plastic behavior in thin films,
layers, interfaces, and other sub-micron features at
elther amblent or elevated (300°C) temperatures.
An atomic force microscope s available and
equipped with an optical-based position-sensing
system to obtaln accurate quantitative
measurements. This AFM can operate in either the
repulsive or attractive mode.

OAK RIDGE NATIONAL LABORATORY
P. O. Box 2008 -
Oak Ridge, TN 37831-6117

Bill R. Appleton - (615) §74-4321
Fax: (615) 574-0323

Metallurgy and Ceramics - 01 -

Linda L. Horton - (615) 574-5081
Fax: (615) 574-7659

164. MICROSCOPY AND MICROANALYSIS

K. B. Alexander, J. Bentley, E. A. Kenik, M. K Miller,

W. C. Oliver
(615) 574-0631 01-1 Sl,155,000
Development and application of analytical electron
microscopy (AEM), atom-probe field-lon microscopy
(APFIM), and mechanical properties microprobes
(MPM) to determine the microstructure,
microchemistry and mechanical properties of
materlals at high spatial resolution. Malntenance of
SHARE User facllities and coilaborative research with
non-ORNL users. Equilibrium and radiation-Induced
segregation at grain boundaries and Interfaces by
APFIM/AEM, correlation of GB structure and
segregation. Applications of advanced EDS, EELS,
energy-fitered imaging, and reflection electron
microscopy technlques. APFIM characterizotion of
intermetaliics, spinodals, early stages of phase
transformations, and Irradicted pressure vessel steels.
AEM of structural ceramics, thin-fiim ceramics, oxide
scale, intermetallics.
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165. THEORETICAL STUDIES OF METALS AND ALLOYS
W. H. Butler, C. L. Fu, G. S. Painter, G. M. Stocks
(615) 574-4845 01-1 $777.000

Use of density functional theory and other techniques
to calculate the properties of materials. '
Development of new techniques for calculating
properties of materlals. Use of KKR-CPA to calculate
such properties of alloys as phase diagrams,
thermodynamic properties, magnetic propertles,
lattice constants, short-range order parameters,
electrical and thermal resistivities. Use of high-speed
bond theory (FLAPW, pseudopotential, LMTO,
QKKR/LKKR) to calculate total energies of metals and
Intermetallic compounds. Calculation of the elastic
constants, and the energetics of planar and point
defects of metals and Intermetallic alloys, and the
use of these quantities to understand their
mechanical properties. Theory of slectronic,
magnetic, and transport propertles of layered
materials. Use of density functlonal theory and LCAO
method to calculate the properties of clusters of
atoms. Application of cluster calculations to materials
problems such as trace element effects on metallic
cohesion.

166. RADIATION EFFECTS

L. K. Mansur, K. Farrell, €, H. Lee, M. B. Lews,

R. E. Stroller

(615) 574-4797 01-4 $1,558,000
Theoretical-and experimental research on defects
and microstructures produced by neutron irradiation,
by lon beam treatment and by related processes.
Principles for design of improved materials. Neutron
damage In metals and alloys Irradlated in HFIR and
other reactors. Effect of alloying additions; effect of
type of iradiation energy spectrum, and damage
rate; radiation-induced embrittiement, creep and
swelling: phase stabllity under Irradlation: relationships
between lon and neutron damage; effect of helium
and other impurities on microstructure and
microcomposition; theory of microstructural evolution
based on defect reactions; electrical property
changes In Insulators caused by displacement and
lonizations. Studies usng multiple simultaneous lon
beams. lon beam modification of surface
mechanical and physical properties of metallic,
polymeric and ceramic materials; new materials by
lon beam processing.

167. MICROSTRUCTURAL DESIGN OF STRUCTURAL
CERAMICS
P. F. Becher, K. B. Alexander, C.-H. Hsueh
(615) 674-5167 01-56 $973,000

Experimental and theoretical approaches are being
developed to provide new Insights Into mechanisms
which Improve the toughness, strength, and elevated
temperature mechanical performance of ceramics
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with companion studies in ceramic processing to
control densification and resultant microstructure and
composttion In such toughened systems. These
micro- and (macro-) scopic characteristics are
directly related to phenomena that are controlled
during powder synthesls, powder processing, and
densification. These are directly coupled with studies
of the role of microstructure, composition, and
defects In the mechanical behavior of ceramics and
descriptions of toughening-strengthening and creep
mechanisms. A primary consideration of these
studies is to provide the fundamental basls for the
design and fabrication of advanced éeramics and
ceramic composites for elevated temperatures.

168. FUNDAMENTALS OF WELDING AND JOINING
S. A. David, J. M. vitek, T. Zacharia ’
(615) 674-4804 01-5 $531,000

Correlation between solldification parameters and
weld microstructure, distribution, and stablliity of
microphases, microstructure of laser-produced welds,
single crystal welds, hot cracking, modsling of
transport and solidification phenomena in welds,
structure-property correlations, austenitic stainless
steels, low alloy steels, aluminum dlloys, electron
beam welding, and university collaborations.

169. HIGH TEMPERATURE ALLOY DESIGN
C.T. Uy, E. P. George, J. A. Horton,
C. G. McKamaey, J. H. Schneibel, M. H. Yoo
(615) 574-4459 01-5 $1,205,000

Design of ordered Intermetallic alloys based on Ni,Al
FeAl, NiAl, FeCo, Nd,Fe,,B. and other aluminides
(e.g.. TIAL). Study of the effect of alloy stolchiometry
on structure and properties of grain boundarles,
nature and effects of point defects, and
microdlioying and grain-boundary segregation.
Study of superlattice dislocation structure,
solid-solution hardening. mechanistic modeling of
anomalous temperature dependence of yleld stress,
impact resistance and crack growth, and
deformation and fracture behavior of aluminides in
controlled environments at cmbient and elevated
tempaeratures. Study of superplastic behavior,
grain-boundary cavitation, and theoretical modeling
of creep behavior of Ni;Al alloys. Study of the effect
of electron structure and atomic bonding on both
Intergranular and transgranular fracture (e.g..
cleavage). Experimental work on structure and
properties of aluminide materials prepared by
conventional methods and innovative processing
techniques. Establishment of correlation between
mechanical properties, microstructural features, and
defect structures in aluminides. Study of processing
parameters on reaction kinetics and microstructural
evolution of aluminides processed by reaction
synthesis (combustion synthesis).

Solid State Physics - 02 -

Jim B. Roberto - (615) 574-6151
Fax: (615) 574-4143

170. STRUCTURES OF ANISOTROPIC COLLOIDAL

MATERIALS
J. B. Hayter, W. A. Hamilton
(615) 576-9300 02-1 $436,000

Small-angle neutron scattering and neutron
reflectometry studies of colloidal systems. Objectives
of this research are to understand the role of
anisotroples imposed by geometry, shearing flow, or
external fiélds on the structure and dynamics of
fiquid-phase collodial dispersions. Major goals are to
determine how anisotroplc features in such systems
are preserved or modified In processing to form
nanoscale materials and how tuning of this behavior
may be dlrected toward the control of the properties
of final structures. In collaboration with L. Magid, the
University of Tennessee, and R. Pynn, LANL.

171. INTERATOMIC INTERACTIONS IN CONDENSED
SYSTEMS
H. A. Mook, J. W. Cable, J. Fernandez-Baca,
R. M. Nicklow, H. G. Smith, M. Vethirg}
(615) 574-5234 02-1 $856,000

Inelastic neutron scattering studies of phonons,
magnons, and single-particle excttations in
condensed matter, elastic and Inelastic scattering of
polarized and unpolarized neutrons by magnetic
materiais, lattice dynamics, and magnetic excitations
in high-temperature, phase transitions, nuclear spin
ordering, momentum distributions in quantum flulds.
New research directions will include more emphasis
on materials properties under extreme environments
of high pressures, high temperatures, or uttralow
temperatures. .

172. STRUCTURE AND DYNAMICS OF ENERGY-RELATED
MATERIALS
H. A. Mook, R. M. Nickiow, S. Spooner,
G. D. Wignall. M. Yethirg]
(615) 574-5234 02-1 $1,200,000

Elastic, inslastic, and small-angle scattering of
neutrons by superconductors and metal hydrides,
phase transitions, heavy fermion superconductors,
high-T, superconductors and reentrant
superconductors, small-angle neutron scattering from
ferrofiuids, polymers and polymer blends, metal
alloys, liquid crystals and blologlcal systems, kinetics
of first-order phase transitions. Residual stress
determinations of ceramic and metal components.



173. PROPERTIES OF ADVANCED CERAMICS
J. B. Bates, N. J. Dudney,
G. R. Gruzalski, D. C. Lubben, F. A. Modine
(615) 674-6280 02-2 $456,000

Physical and chemical propertles of advanced
ceramics including single-phase thin-film, layered,
and surface-modified structures prepared by novel
techniques. Materlals investigated include, thin fims
of amorphous and crystaline metal oxide, and
oxynitride lithium 'intercalation compounds and
oxynitride lonic conductors. Films prepared by
magnetron sputtering, lon beam sputtering, and
evaporation. Studies Include ion and electron
transport in thin-film electrolytes, electrodes, and
electrode-electrolyte Interfaces; electrical, dielectric,
and optical properties of thin-film materials.
Techniques include impedance spectroscopy,
-transient signal analysls, Raman scattering, infrared
refiectance-absorption, optical spectroscopy, and
scanning electron microscopy. ’

174. MATERIALS FOR HIGH-POWER RECHARGEABLE

SOUD STATE LITHIUM BATTERIES

J. B. Bates, N. J. Dudney, D. C. Lubben,

F. A. Modine

(615) 574-6280 02-2 $443,000
Synthesis and processing of thin and thick films of
lithium Intercalation cathode materlals. Present
emphasis on the spinel phase of lithium manganese
oxide, LiMn,0,. Methods for thin-film deposition
include rf magnetron sputtering and-electron beam
evaporation. lon beam irradiation during
evaporation investigated as a means fo achieve
crystaliine films at lower substrate temperatures.
Single-phase and composite thick films are
fabricated by spray and spin coating techniques.
Films are characterized by X-ray diffraction, infrared
and optical spectroscopy. Rutherford backscattering,
electron microscopy, and Impedance spectroscopy.
Cathodes are also Investigated In solid state lithlum
cells. Constant current cycling of the cells Is used to
evaluate the performance of the cathode films.

175. SYNTHESIS AND PROPERTIES OF NOVEL MATERIALS
L. A. Boatner, M. M. Abraham,
B. C. Chakoumakos, L. Geaq, J. O. Ramey,
B. C. Sales
(615) 574-5492 02-2 §1,039,000
Synthesls and characterization of advanced
materlals including single crystal growth and the
development of new crystal growth techniques;
development of new materials through the
application of enriched stable Isotopes; Investigations
of the physical, chemical, and thermat properties of
novel materials using the techniques of thermal
analysls, X-ray diffraction, Mossbauer spectroscopy,
lon implantation and R8BS lon channeling, optical
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absorption, high-performance liquid
chromatography, EPR, and X-ray or neutron
scattering: application of materials science
techniques to the resolution of basic research
problems; preparation and characterization of high-
T. superconducting oxides: synthesls and structural
characterization of phosphate glasses; development
and characterization of advanced ceramics and
textured materlals; solid state epitaxial regrowth;
growth of perovskite-structure oxides,
high-temperature materials (MgO, CaO, Y,0.
refractory metal single crystals (Nb, Ta, V), fast-ion
conductors, actinide-doped single crystals, stainless
steels, rapid solidification and solldification ‘
microstructures; new scintiilator and thermophospher
materials; photonic materials; and new fiber optic .
materials. ’

176. PHYSICAL PROPERTIES OF SUPERCONDUCTORS
D. K. Christen, R. Feenstra, H. R. Kerchner,
C. E. Kabunde, M. N. Kunchur, J. R. Thompson
(615) 574-6269 02-2 $488.,000

Physical properties of superconductors, particularly
high-T. materials, in varlous thin-film, single-crystal,
melt proposed, magnetically aligned sintered, and
composlite forms. Configurations of thin films Include
epitaxial single-, multilayer, and superiattices.
Irradiation of thin films and single crystals with
energetic particles for the systematic Introduction of
fiux pinning defect structures. Studles of fiux pinning,
defect arrays. Related Investigations Include
fundamental superconducting properties such as
upper and lower crifical fields, magnetic penetration
depths, and superconducting coherence length.
Technlques and facliities include electrical transport
by dc and pulsed current, with variable orlentation of
applled magnetic fields to 8 T; dc magnetization
using a SQUID-based Instrument with 7-T capabiliity:
vibrating sample magnetometry to 9 T: and ac
susceptibility In superimposed dc fieldsto 5 T.

177. X-RAY RESEARCH USING SYNCHROTRON
RADIATION )
G. E. Ice, C. J. Sparks. Jr., E. D. Specht
(615) 574-6996 02-2 $443,000

Research focuses on the use of synchrotron radiation
as a probe for the study of metal alloys. ceramics,
and Interfaces, emphasizing the abillity to select a
particular X-ray energy from the synchrotron
radiation spectrum to highlight atomic arrangements
of specific slements. Thus, the atomic arrangements
among the various elements forming the materials
can be unraveled and related to the materials’
physical and chemical properties. The task includes
operation of an X-ray beamline on the National
Synchrotron Light Source at Brookhaven Nationai
Laboratory. Staff are also involved in the design and
construction of an X-ray beamline on the Advanced
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Photon Source. Important materials’ problems under
study Include: (1) effects of short-range order
among atoms on mechanical, chemical and
magnetic behavior and on radiation swelling:

(2) effects of atomic displacements, caused by
bonding and size difference, on energetics of phase
stabllity and materials properties; (3) studies of site
substitution on alloying and other defects associated
with nonstoichiometry In long-range ordered alloys
which affect ductility, ordering temperature and
phase stabllity, and (4) role of atomic-scale structure
and chemistry of interfaces in controliing
heteropitaxy.

178. SEMICONDUCTOR PHYSICS, THIN FILMS, AND
PHOTOVOLTAIC MATERIALS
D. H. Lowndes, G. Eres, D. B. Geohegan,
G. E. Jellison, D. P. Norton
(615) 574-6306 02-2 $995,000

Time-resolved ellipsometric measurements,
time-resolved measurements of
pulsed-laser-generated plasmas, pulsed supersonic
molecular beam deposition, modulated layered
structures, superlattices, fabrication of
superconducting and semiconducting thin fims by
pulsed laser ablation, laser-induced recrystallization
of amorphous layers, pulsed-laser bonding of metals
to ceramics, thermal and laser annealing of lattice
damage In semiconductors, fabrication of solar cells .
by laser, thick-film and thin-film techniques, effects of
point defects and impurlties on electrical and optical
propertles of elemental and compound
semiconductors, electrical, optical (including Infrared
and luminescence spectroscopy), scanning tunneling
microscopy. transmisslon electron microscopy. X-ray
scattering, secondary ion mass spectrometry, and
Rutherford lon backscattering measurements,
dopant concentration profiles, deep-level! fransient
spectroscopy. and absolute quantum efficiency
measurements.

179. ATOMISTIC MECHANISMS IN INTERFACE
SCIENCE-DIRECT IMAGING AND THEORETICAL
MODELING
S. J. Pennycook, K. Chen, M. F. Chisholm,’

D. E. Jesson, T. Kaplan, A. J. McGibbon,
M. M. McGlbbon
(615) 574-5504 02-2 $446,000

Direct imaging of atomic structure and chemistry of

interfaces by high-resolution Z-constrast scanning

transmission electron microscopy, static and dynamic
ab initio pseudopotential calculations of interface
structures and atomistic mechanisms of epitaxial
growth, molecular beam epitaxial growth of
semiconductors, evolution of surface morphology,
straln relaxation, dislocation nucleation, role of
surfactants on growth, kinetic ordering, grain
boundarles in ceramics and high-temperature
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superconductors, atomic resclution chemical analysis
by electron energy loss spectroscopy, segregation to
dislocations, hole concentration mapping in
high-temperature superconductors, correlation of
microstructure to transport properties, and
metal/ceramic interfaces. :

180. BULK SHIELDING REACTOR SHUTDOWN
R. L. Stover, R, D. Childs
(615) 574-8544 02-2 $507,000

This proposal Is to provide funds for surveillance,
maintenance and shutdown of the BSR. Although
the reactor core Is defusled, there are 73 fuel
assemblies stored In the reactor pool. Shutdown of
the reactor requires removal of the fuel and other
hazardous materials prior to transfer to the
Environmental Restoration Program (ERP). Until
transfer occurs, survelllance and maintenance are
required to meet ES&H requirements, protect the
fuel, and keep the facliity and systems structurally
sound. : :

181. SMALL-ANGLE X-RAY SCATTERING
G. D. Wignall, J. 8. Lin, S. Spooner
(615) 574-5237 02-2 $182.000

Small-angle X-ray scattering of metals, metdllic
glasses, precipitates, alloys, ceramics, polymers,
surfactants, fractal structures in polymers and oxide
sols, domain structures in composites, dynamic
deformation studies of polymers, time-slicing studies
of phase transformation. Facllities are avallable to
users at no charge for research published in the
open literature or under contract for proprietary
research,

182. THEORY OF CONDENSED MATTER
J. F. Cooke, H. L. Davis, T. Kaplan, S. H. Liu,
G. D. Mahan, M. E. Mostoller, M. T. Robinson,
R. F. Wood '
(615) 574-5787 02-3 $886,000
Theoty of nonequilibrium solldification in
semiconductors, lattice vibrations in metals and
alloys, lattice dynamics and potentlial energy
calculations of ionic crystals, computer simulation of
radiation domage, sputtering, molecular dynamics
and total energy studies of surfaces and Interfaces,
development of LEED theory arid interpretation of
LEED dataq, surface vibrations and relaxation,
elactronic structure of metal surfaces, magnetism in
transition metals and local moment systems, neutron
scattering at high energles, electronic properties of
mixed-valent and heavy fermion systems,
high-temperature superconductivity, diffusion and
elastic vibrations of fractal systems studies of
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thermoelectric and varisitor-related phenomena,
computer modsling of the laser ablation technique,
and ab initio calculations of the dynaomic properties
of metallic systems.

183. STRUCTURAL PROPERTIES OF MATERIALS - X-RAY

DIFFRACTION
B. C. Larson, J. D. Budal, J. Z. Tischler
(615) 574-5506 02-4 $404,000

Microstructure and properties of defects in sollds.
synchrotron X-ray scattering. time-resoived X-ray
scattering. X-ray diffuse scattering, Mossbauer
scattering spectroscopy, X-ray topography. lon
Iradiation Induced defect clusters in metals,
pulsed-laser-induced melting and crystal growth,
defects assoclated with laser and thermal processing
of pure and lon-Implanted semiconductors, crystal
structure of MBE-grown semiconductor alloys,
microstructural characterization of high-temperature
superconductors, calculation of diffuse scattering
from dislocation loops and solute precipitates,
energy-resolved X-ray scattering, quasi-elastic
scattering, phase transformations, theory of
scattering.of X-rays from defects In solids.

184. ELECTRON MICROSCOPY OF MATERIALS
S. J. Pennycook, N. D. Browning,
M. F. Chisholm, D. E. Jésson
(615) 574-5504 02-4 $672,000

Atomic resolution scanning transmisslon electron
microscopy and electron energy loss spectroscopy:
growth and relaxation phenomena In epitaxial thin
fims; Interface structure/property relations in
semiconductors and superconductors; morphological
stabllity; molecular beam epitaxial growth; ion
implantation; solid-phase recrystallization;
segregation phenomena; theory of elastic, Inelastic,
and diffuse scattering of electrons from crystals and
defects; Z-contrast Image simuiation.

185. INVESTIGATIONS OF SUPERCONDUCTORS WITH
HIGH CRITICAL TEMPERATURES
D. K. Christen, J. Brynestad, J. D. Budal,
B. C. Chakoumakos, H. R. Kerchner
(615) 574-6269 02-5 $528,000

Studies of superconducting materials with high
transition temperatures. Synthesls, characterization,
and analysis of thin:films, thin-film heterostructures,
new substrate materials, single crystals and
melt-processed bulk materlals, and high-current
conductors and composite structures. Magnetic and
electrical transport properties, microstructural
characterization by electron microscopy.
Collaborative research with sclentists at IBM Watson
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Research Center, Generdl Electric Research, AT&T
Bell Laboratorles. American Superconductor
Corporation, Intermagnetics General Corporation,
The University of Tennessee, and other U.S.
universities.

186. SURFACE MODIFICATION AND
CHARACTERIZATION FACILITY AND RESEARCH

CENTER
D. B. Poker, J. M. Williams, S. P. Withrow
(615) 576-8827 02-5 $1,350,000

The SMAC Collaborative Research Center provides
facllities for materials alteration and characterization
in a URV environment. Methods which can be used
for alteration include fon Implantation, ion beam
mixing. and low-energy lon deposition using lons and
energles that span the range from 30 eV to ~5 MeV.
In-situ characterization methods include Rutherford
backscattering, lon channeling, low-energy nuciear
reaction analysls, and surface analysis techniques.
The facllity supports research in the lon Beam Analysls
and lon implantation.Program and research carrled
out by other ORNL divisions. These facillties are
available to scientists from industrial laboratories,
universities, other national laboratortes, and forelgn
institutions for collaborative research projects.

187. ION BEAM ANALYSIS AND ION IMPLANTATION -

C. W. White, T. E. Haynes, O. W. Holland,

. RA Zuhr

(615) 574-6295 02-5 $810.000
Studies of lon Implantation damage and annealing
in a variety of crystalline materials (semiconductors,
metals, superconductors, insulators, etc.), formation
of unique morphologles such as buried amorphous or
insulating layers by high dose ion implantation,
formation of nanocrystals in a wide varlety of
substrates by lon implantation the use of high-energy
lon beams to reduce the temperature of various
thermally activated processes such as damage
removal, glloying, and phase transformations; -
formation of burled compounds, studies of dose and
dose rate dependence of damage accumulation
during Irradiation, characterization of
superconducting thin films; fundamental studles of
lon beam mixing in metal/semiconductor,
metal/metal, and metal/Insulator systems,
applications of lon beam mixing and lon
Implantation to corrosion/catalysis studies, to
reduction of friction and wear of metal surfaces. to
changes in mechanical and optical properties of
ceramics and Insulators, to the formation of nonlinear
optical materlals and to reduction of corrosive wear
of surglcal alloys; studies of lon channeling
phenomena: direct fon beam deposition (IBD) of



isotopically pure thin films, epitaxial layers, and
layered structures on metal and semiconductor
substrates using decelerated, mass-analyzed ion
beams.

188. SURFACE PHYSICS

D. M. Zehner, A. F. Baddorf, H. L. Davis,

J. F. Wendelken

(615) 574-6291 02-5 $906.000
Studies of crystallographic and electronic structure of
clean and adsorbate-covered metaliic, intermetallic
compound, carblde, and semiconductor surfaces,
combined techniques of low-energy electron
diffraction (LEED). photoelectron spectroscopy (PES)
using synchrotron radiation, scanning tunneling
microscopy (STM), and computer simulations for
surface crystallography studies with emphasis on
surfaces which either reconstruct or have Interplanar
spacings different from those of the bulk, LEED, Auger
Electron Spectroscopy (AES) and X-ray photoelectron
spectroscopy (XPS) studies of both clean and
adsorbate-covered surfaces; determination of effects
of intrinsic and extrinsic surface defects on surface
properties and surface and thin-film growth
morphology using high-resolution LEED and STM,
vibronic structure of surfaces and adsorbates
examined by high-resolution electron energy loss
spectroscopy (EELS), examination of surface
electronic and geometric structures with respect to
solid state aspects of heterogeneous catalysis.

Materials Chemistry - 03 -

M. L. Poutsma - (615) 574-5028
Fax: (615) 576-5235

189. CHEMISTRY OF ADVANCED INORGANIC

MATERIALS :
D. B. Beach, C. E. Bamberger, L. Maya,
C. E. Vallet

(615) 574-5024 03-1 $1,000,000

Synthaesls of solid-state inorganic materlals using
non-traditional method of synthesis, including aerosol
pyrolysis, sol-gel, reactive sputtering, metal organic
chemica! vapor deposition (MOCVD) and gas-solid
pseudomorphic reactions. These methods overcome
the limitations of solid-solid diffusion and thus
produce materials ot reduced time and temperature
when compared to traditional solid-state
preparations. Materlals currently being synthesized
include high dielectric constant lead lathanium
titanate insulators using sol-gel and MOCVD -
techniques. These materials have applications in
semiconductor memory and decoupling capacttors.
High-T, superconductors are synthesized using aerosol
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pyrolysis, sol-gel techniques and novel techniques for
the incorporation of volatile elements such as
thalllum and mercury. In addition to superconductor
synthesis, barrier layers for superconductors using

- sol-gel techniques, required for the commercial

application of superconductors on polycrystalline
metal substrates, are being synthesized.
Nanocomposites of metals In an insulating matrix are
being synthesized using teactive sputtering. These
materfals have applications in electrooptics,
capacitors, and for magnetic storage. Metal
flaments and metal carbide and nitride whiskers are
syntheslisized utillzZing gas-solid pseudomorphic
reactions. (A pseudomorphic reaction maintains the
morphology of the precursor while converting, for
example, from a metal oxide to a metal carbid or
nitrde). These materials may be of use In reinforcing
ceramics or may be useful as high surface area
substrates for ceramic superconductors. Analytical
techniques include atomic force microscopy (AFM),
scanning tunneling microscopy (STM), Rutherford
backscattering spectroscopy, (RBS), and a variety of
electrical and magnetic measurement techniques.

190. STRUCTURE AND DYNAMICS OF ADVANCED
POLYMERIC MATERIALS
B. K. Annis, A. Habenschuss, D. W. Noid,
B. G. Sumpter, B. Wunderlich .
(615) 574-6018 '03-2 $§924,000

Characterization of polymers and composites at the
molecular level by small-angle and wide-angle
neutron and X-ray scattering, thermal and
mechanical analysis. atomic force microscopy, NMR
spectroscopy. and statistical mechanical
calculations. Structural relationships between
crystalline, partially ordered, and amorphous regions.
Simulation of polymer chain dynamics in large-scale
molecular dynamics calculations.: Improvement of
the basic understanding of local molecular structure,
the packing of chains in semicrystalline polymers,
and the dynamics of materials ranging from oriented
fibers to Isotropic materials. Materials studied include
high-performance crystalline fibers and composites,
liquid crystalline, and plastic crystalline mesophases.
Development of methods of predicting polymer
properties resulting from various processing methods.

191. NUCLEATION, GROWTH, AND TRANSPORT
PHENOMENA IN HOMOGENEOUS PRECIPITATION
M. T. Harris, O. A. Basaran, C. H. Byers
(615) 574-1275 03-2 $274,000

Fundamental laser light-scattering spectroscoplc
studies are conducted on and a theoretical
framework Is developed for liquid-phase
homogeneous nucteation and growth of pure
component and composite monodisperse metal
oxide particles which are precursor materlals in ultra
fine processing for the production of a new
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generation of ceramic materials. The focus of the
program entalls investigation of metal alkoxide/metal
salt reactions and reactants-solvent interactions (l.e..
short-range bonding) which affect the characteristics
of the particles formed. Methods and Instrument
development (including alternative methods for
metal oxide powder synthesis, optical spectroscopic
measurements, low angle-light scattering
spectrometer design, flow through SAXS, dispersion
stabilization, and NMR spectroscopy mathematical
analysis) are important features of this research.

192. THERMODYNAMICS AND KINETICS OF

ENERGY-RELATED MATERIALS

T. B. Lindemer L.

(615) 574-6850 03-2 $295,000
The objective here Is the determination and
chemical thermodynamic modeling of
nonstoichiometry, phase equilioria, and other
thermochemical data for energy-related ceramic
systems. Our new adaptation of-solid-solution
thermodynamics Is used to represent the chemical
thermodynamic Interrelationship of temperature,
oxygen partial pressure, and nonstolchiometry in
oxide compounds having extensively variable
oxygen-to-metal ratlos. Presently, these
Interrelationships are being measured and modeled
for superconducting oxides In the (Y, lanthanide)
barlum-copper-oxygen systems. These efforts are
providing a heretofore unavailable description of
these oxides.

193. BLENDS OF MACROMOLECULES WITH NANOPHASE
SEPARATION
G. D. Wignall, J. G. Curro (SNL/A),
K. S. Schweizer (Univ, of ILL) |
(615) 574-5237 03-2 $391,000

Development of a sclentific basis for the molecular
design of polymer blends in order to optimize
physical and end-use properties. Prediction of
molten blend structure, miscibliity, phase diagrams
and other thermodynamic properties from integral
equation theorles. Testing of theoretical predictions
by neutron and X-ray scattering. Focus on
muiticomponent polymer systems where mixing
occurs on molecular length scales In contrast to
conventional composites and filled polymers.
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PACIFIC NORTHWEST LABORATORY
P. O. Box 999
Richland, WA 99352

Gary L. McVay - (609) 375-3762
Fax: (509) 375-2186
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194. MICROSTRUCTURAL MODIFICATION IN CERAMIC
PROCESSING USING INORGANIC POLYMER
DISPERSANTS
G. J. Exarhos, |. A. Aksay (Princeton Univ.),

W. D. Samuels, L.-Q. Wang .
(509) 375-2440 01-1 $364.000

Fundamental studies of particle compaction
phenomena in colloidal dispersons and synthesls of
inorganic polymer ceramic molecular composites.
Localized particle-polymer-solvent interactions
probed by means of in-situ molecular spectroscopic
measurements. Integration of spectroscoplc data
with particle compaction measurements aliows
evaluation of packing efficiency and correlation to
chemical functionality of tallored Inorganic polymer
dispersants. Response of bound polymer Iin the
greenbody to temperature during sintering Is a
principal area of actlve research. Improvement In
mechanical properties of the fired ceramic is
cofreloted with vold density and distribution which
evolves during processing and with the generation of
interfacial phases formed by incorporation of the
inorganic polymer with the ceramic matrix.
Interfacial chemical bonding in polymer-ceramic
composites Is characterized spectroscopically and
correlated with physical properties.

195. INTERFACIAL DYNAMICS DURING
HETEROGENEOUS DEFORMATION
S. M. Bruemmer, C. H. Hamilton (Wash. St.),
C. H. Henager, Jr., J. S. Vetrano
(509) 376-0636 01-2 $243.000

The purpose of this research is to elucidate
mechanisms controling heterogeneous, interfacial
deformation processes though a combination of
high-resolution measurement and atomistic modeling
techniques. Emphasis is placed on characterizing,
modifying. and simulating dynamic events occurring
at grain boundary and particle-matrix interfaces.
Specific interfacial processes such as dislocation
emission and accommodation, boundary migration,
sliding, diffusion, solute segregation, and cavitation
will be isolated and evaluated. Initial research
focuses on the interfaclal dynamics limiting the

- superplastic deformation of fine-grained metallic

materials. Synergistic effects of stress, strain,
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strain rate, and temperature on grain boundary
composition, dislocation activity, and properties are
being examined in controlled purlty alloys.

. Fundamental relationships and understanding will be
established to give mechanistic insight into emplrical
continuum equations of interfacial deformation
processes. :

196. FUNDAMENTAL STUDIES OF STRESS CORROSION
AND CORROSION FATIGUE MECHANISMS
R. H. Jones, C. H. Henager Jr., E. P. Simonen,
C. F. Windisch, Jr.
(509) 376-4276 01-2 $412,000
Investigations of the mechanisms controlling
Intergranular and transgranular stress corrosion and
corrosion fatigue cracking of iron, iron-chromium
nickel, nickel-based alloys, and ceramic matrix
composites in gaseous and agueous environments,
Relationships between interfaclal and grain-
boundary chemistry, hydrogen embrittiement, and
intergranular stress corrosion cracking investigated
with surface analytical tools, electrochemical
polarization, straining electrode tests, subcritical .
crack growth tests, and crack-tlp aond fracture
surface analysls. Modeling of the electrochemical
conditions at the tip of a growing crack and
evaluation of the electrochemical behavior of sulfur
and phosphorus In the grain boundaries of nicke!
and lron. Differential, reversed dc potential drop
analysis of stress corrosion initiation and cracking |
processes. Effect of surface chemistry on gas phase
adsorption and aqueous corrosion using transient
electrochemical analysis.

197. CHEMISTRY AND PHYSICS OF CERAMIC SURFACES
B. C. Bunker, K. F. Ferrls
(509) 375-5969 01-3 $388.000

Study of the chemistry and physics of specific
crystaliine oxide bonding configurations with an
emphasis on the properties of defects. Collold
chemistry, surface science, and theoretical methods
are coupled to generate a comprehensive
understanding of oxide surface chemistry. Model
surfaces of metal oxides are created by cleavage of
single crystals. Hydration/solvation, lon adsorption,
acld/base chemistry, and site
stabillities/reconstruction of these model surfaces are
investigated. Surfaces are characterized using
electron and vibrational spectroscopies; electron
diffraction; scanning tunneling microscopy: electron,
photon, and thermal desorption methods; and
microcalorimetry. Molecular modslling activities
emphasize ab Initio electronic structure ond
molecular dynamics approaches, and include the
development of methodologles for large-scale
assemblies. :
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198. IRRADIATION-ASSISTED STRESS CORROSION
CRACKING ’
S. M. Bruemmer, J. L. Brimhall, E. P. Simonen
(509) 376-0636 014 $495.000

The mechanisms confrolling irradiation-assisted stress
corrosion cracking under neutron and
charged-particle irradlation are evaluated through a
combination of experiments and modeling. .
Research includes examination of radiation effects
on graln boundary composition, matrix and
Interfacial deformation processes, crock-tp
phenomena, and material electrochemical’
behavior. Radiatlon-induced grain boundary
segregation is measured and modeled as a function
of material and inradiation parameters. Specific
grain boundary compositions and matrix -~
microstructures are simulated by thermomechanical
treatments, and their Influence on corrosion and
stress corrosion assessed by tests In low- and
high-temperature aqueous environments. Crack-tip
models are belng evolved so that radiation effects
on local material microstructure, microchemistry,
deformation and electrochemistry can be assessed
in relation to crack propagation mechanisms.

199. IRRADIATION EFFECTS IN CERAMICS
W. J. Weber, N. J. Hess
(509) 375-2299 014 $263,000

Multidisciplinary research on the producﬂon, nature,
and accumulation of Iradiation-induced defects,

‘microstructures, and solid-state transformations in

ceramics. Irradiations with neutrons, lons, and
electrons to study point defect production and
assoclated effects from both single displacement
events and high-energy displacement cascades.
Develop understanding of structural stability and
iradiation-induced amorphization in ceramics.
Computer simulations of defect production, stability,
and migration. The investigations utilize X-ray and
neutron diffraction, electron microscopy, EXAFS, laser
spectroscopiles, ion-beam techniques, and electrical
property measurements to characterize the defects,
microstructures, and transformations introduced by
iradiation In simple and complex oxides, carbides.
and nitrides. Work includes the development of
techniques for in-sttu characterization during neutron
and lon-beam irradiations. ’
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Solid State Physics - 02 -

200. THIN FILM OPTICAL MATERIALS
G. J. Exarhos, K. F. Ferris, N. J. Hess
(509) 375-2440 02-2 $224,000

Theoretical and experimental Investigations of
chemical bonding and microstructure which control
the lInear and nonlinear optical behavior and phase
stabllity of thin-film dielectrics. Refinement of
composite media approaches to model the complex
dielectric constant of wide band:-gap materlals relies
on experimental measurements of film molecular
structure and microstructure. Phase composition and
stabllity, stolchiometry, strain heterogenelty, and vold
density of deposited films, which are evaluated from
laser spectroscoplc measurements, EXAFS, electron
microscopy, and atomic force microscopy, are
Integrated Into these models. Elipsometry and
optical transmission/reflection measurements on both
free and supported films are used to determine
complex refractive indices; the nonlinear response Is
investigated by means of harmonic mixing methods.
Materials studied include oxides, nitrides, garnets,
and Inorganic polymers.

Materials Chemistry - 03 -

201. CERAMIC COMPOSITE SYNTHESIS UTILIZING
BIOLOGICAL PROCESSES
P. C. Rieke, B. C. Bunker, A. A. Campbell,
G. E. Fryxell, G. L. Graff, A, H. Heuer, J. Uu
(509) 375-2833 03-1 $§588.000

Processing routes have been developed to make
ceramic thin films or composites via controlied
nucleation and growth from aqueous solutions onto
functionalized interfaces. The techniques, called
blomimetic processing, stimulate nucleation and
growth on substrates by using functional groups that
mimic the behavior of blomineralization proteins. This
program has demonstrated that high-quality ceramic
flms can be grown on plastics and other materlals at
temperatures below 100°C. Conformal coatings with
unique orlented and/or nanocrystalline
microstructures can be produced. The current
emphasls of the program Is to establish mechanisms
for the surface nucleation and growth processes
controling blomimetic deposttions using studies on
self-assembling monolayers, Langmuir-Blodgett films,
and colloidal particles as substrates.
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George A. Samara - (505) 844-6653
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202. PHYSICS AND CHEMISTRY OF CERAMICS
A.J. Hard, R. A. Assink, C. J. Brinker,
R. K. Brow, P. F. Green, P. R. Schunk,
R. W. Schwarz, J. A. Volgt
(505) 845-8629 01-2 $979.000

Due to thelr refractory nature, processing from
solution has been intrinsic to fabrication since
prehistoric times. This program seeks to characterize
and model the chemical and physical processes that
link solution precursors to final properties. Systems of
interest Include controlled-pore solids, fims, fibers and
polycrystaline ceramics useful as superconductors,
catalysts and ferroelectrics. Structure on multiple
length scales Is essential to ceramic processing. For
complex materlals control of structure from 10 A to
10 mm Is critical to performance. We use a battery
of tools Including NMR, smali-angle neutron ’
scaftering. chemical imaging, and imaging
elipsometry to establish structure of solutions, films,
and monoliths, We seek to measure and modei the
effects of processing on pore formation, crystalite
growth, and sintering. Since most of our systems are
amorphous at some stage, we are exploring the
nature of glassy materials. We are particularly
interested in the effect of network topology on
relaxation processes, Including the glass transition
itself. We are developing a set of new tools
Including dynamic mechanical analysis, Brillouln
scattering, and high-resolution inelastic neutron
scattering.

203. ATOMIC LEVEL SCIENCE OF INTERFACIAL
ADHESION
T. A. Michalske, P. J. Felbelman, J. E. Houston,
J. Nelson, N. D. $hinn, R. C. Thomas
(505) 844-5829 01-2 $494,000

The goal of this program is o understand. in atomic
detall, the nature of the physical and chemical
Interactions that bind solid surfaces together. This
study Includes atomic scale measurements of.
interfaclal bonding forces, theoretical calculations of
interfaclal bonding. surface sclence measurements
of interfaclal bonding and structure, and
macroscopic adhesion measurements that will be
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used to relate the results of fundomental theory and
experiment to more conventional measures of
adhesion. Key to our approach is the abllity to make
detalled measurements of interfacial force profiles on
well controlled and characterized interfaces. These
measurements provide a common point for
Investigations ranging from first principles theory to
practical adhesion and provide fundamental indght
Into the factors controlling interfacial adhesion.

204. ENERGETIC-PARTICLE SYNTHESIS AND SCIENCE OF
MATERIALS
S. M. Myers, J. C. Borbour,R J. Bourcler,
M. T. Dugger, D. M. Folistaedt, J. A. Knapp.
C. H. Seager, H. J. Stein, W. R. Wampler
(505) 844-6076 01-3 $835,000

Baslc research Is conducted on the Interactions of
lon, laser, electron, and plasma beams with metals,
semiconductors and dlelectrics. The synthesis of new
or novel metastable and equilibrium microstructures
In solids with energetic lons, remote plasma sources
and puised laser deposition is studied. lon beams
are used In conjunction with such techniques as TEM,
X-ray scattering. IR spectroscopy, AES;
capacitance-voltage analyds, DLTS, and mechanical
testing to explore the properties of beam-syntheszed
materlals and to illuminate a wide range of
fundamental atomic processes in solids.
Representative areas of research include ion-beam
synthesis of nanostructures with novel chemical and
electrical properties in semiconductors, ECR-plasma
growth of superior new dielectrics, the formation by
ion iImplantation, ECR plasmas and pulsed-laser
deposition of new AL alloys with very high strengths,
and fundamental studles of the Interactions of H with
semiconductors.

205. ADVANCED GROWTH TECHNIQUES FOR
IMPROVED SEMICONDUCTOR STRUCTURES
S. T. Picraux, E. Chason, T. Drummond, J. A. Roro,
B. Swartzentruber, J. Y. Tsao
(505) 844-7681 01-3 $368,000

Advanced growth technlques are studied for the
synthesls of new and improved epitaxial
semiconductor heterostructures. In-situ diagnostics
and new growth techniques are used in conjunction
with molecular beam epitaxy (MBE) to grow new
semiconductor structures. By combining energetic
beams with MBE, new approaches to controlling the
growth process as well as new understanding of the
defect-mediated mechanisms controlling growth are
developed. Studies concentrate on Ge and §i, as
well as layered {ll-V compounds and SiGe strained
layer structures. A primary putpose of this research is
to provide new understanding of fundamental
epitaxial growth mechanisms and new methods and
.diagnostics for the growth of improved epitaxial
layered structures. Advanced in-situ technlquss yield
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surface structure, composition and chemical
reactivity information and correlation with growth
parameters. Theoretlcal studies mode! the growth
processes and address growth mechanisms In order
to interpret and guide the experimental studies.

206. STRAINED-LAYER SEMICONDUCTOR MATERIALS
SCIENCE
P. L. Gourley, E. D. Jonss, S. K. Lyo,
J. 8. Nelson, M. B. Sinclair
(505) 844-5806 01-5 $354,000

Study and application of compound semiconductor
heterostructures quantum wells and

" surface-structured materials to explore solutions to

new and existing semiconductor materials problems.
The program coordinates semiconductor physics and
matetlals sclence to produce new semiconductor ’

materials with useful electronic properties not

avallable in bulk compound semiconductor crystals.
This program investigates fundamental material
properties including band structure, electronic
transport, crystal stability,

oplical transitions, and nonlinear optical properﬂes
Both theoretical and experimental understanding are
emphasized. The materials under study have a wide
range of agpplications for high speed switching and
microwave technologles, optical detectors, lasers,
and efficient high generators.

Solid State Physics - 02 -

207. TAILORED SURFACES AND INTERFACES FOR
MATERIALS APPUCATIONS
G. L. Kellogg. P. J. Feibelman, J. E. Houston,
T. M. Mayer, N. D. Shinn, B. Swartzentruber
(505) 844-2079 02-2 $600,000

The overall goal of this program Is to identify and
understand the microscopic mechanisms that control
the growth of thin surface films and use this
knowledge to develop predictive models for
materials synthesls. Atomic-scale processes involving
adatoms, vacancies, steps, and impurities play a key
role in how a crystal or epitaxial film grows, and we
are conducting experimental and modeling studies
to address the fundamental interactions associated
with these defocts. Our current emphasis is on the
Inftial stages of nucleation and cluster formation in
the epitaxial growth of single-component,
mixed-component, and compositionally modulated
overlayers and on establishing those factors which
control the growth, the electronic structure, and the
chemical properties of the resulting surfaces and
Interfaces. Thin surface fims and engineered
Interfaclal structures are currently used to tallor the
properties of materials for improved mechanicai



Laboratorles

performance, chemicai reactivity, corrosion
resistance, and the fabrication of novel magnetic
and electronic devices.

208. PHYSICS AND CHEMISTRY OF NOVEL
SUPERCONDUCTORS
E. L. Venturinl, N. Missert, B. Morosin, J. E. Schirber,
M. P. Slegal :
(505) 844-7055 02-2 §575.000
The fundamental physical properties of the
oxide-based high-temperature superconductors with
emphasis on the thalllum system. Directed toward
undetstanding the detalled electronic band
structure, doping fiux motion and pinning. and carrler
transport In these materlals, especially as they pertain
to understanding metal-insulator transitions,
superconductivity, and the role of oxygen in
determining transport propertles. Some effort Is also
devoted to organic superconductors. Unique and
specialized instrumental capabillities including
conductivity, magnetization, ESR, magnetotransport,
de Haas van Alphen, thermopower and tunneling.
Experiments at temperatures as low as 0.05 K,
magnetic flelds up to 120 kOe and hydrostatic
pressure to 10 kbar in various combinations. An
active in-house synthesls program; unique processing
capabiliities including high pressure, high-temperature
oxygen.

209. BORON-RICH SOLIDS
D. Emin, T. L. Aselage, D. R. Tallant, H. L. Tardy,
E. L. Venturini, P. Yang
(505) 844-3431 - (02-5 $475.000

This program Investigates boron-rich solids which are
refractory materlals with unconventional bondings,
structures and properties. The goal Is to understand
these novel materials and assess thelr potential for
applications. The investigations primarlly focus on
semiconducting boron carbides, insulating borides
including the wide-gap icosahedral boron pictnides,
and other refractory borides, such as diborides and
hexaborldes. The materials are synthesized by a
varlety of techniques. The structurai propertles,
electronic structure, electronic transport
(conductivity, Hall effect and Seebeck coefficient
measurements) dielectric, optical, magnetic and
ultrasonic propertles, thermal conductivity and
specific heat will be investigated.
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Materials Chemistry - 03 -

210. CHEMICAL VAPOR DEPOSITION SCIENCES
E. Esherick, M. E. Bartram, W. G. Brelland,
M. E. Coltrin; J. R. Creighton, P. Ho, R. J. Kee,
K. P. Kiieen, H. K. Moffat, J. E. Parmeter
(505) 844-5857 03-3 $700,000

Studies of Important vapor-phase and surface
reactions during CVD deposition under conditions
used to fabricate photovoltal¢ cells, wear- and
corrosion-resistant coatings, and semiconductor
“devices. Measurements of major and minor species
densities, gas temperatures, fluld fiows, and
gas-phase particulate distributions using laser Raman
and Mie scattering and laser induced fluorescence.
Development of predictive numerical models that
Include chemical kinetics and fluld dynamics.
Application of a wide array of laser-based
measurement capabliities to the study of vapor
phase and surface reactions of these processing
techniques and application of surface measurement
techniques to study the product materials.

211. SYNTHESIS AND PROCESSING OF NANOCLUSTERS
FOR ENERGY APPLICATIONS

J. P. Wilcoxon, J. E. Martin, J. Melenkiewitz,

T. Thurston

(505) 844-3939 03-3 $250.000
The work exploits a unique micellar synthesls method
to create new size-controlled metal and
semlconductor nanoclusters and investigate those
physical properties germane to energy applications.
The most promising applications are in catalysls and
photocatalysls, so emphasis s on materials for these
applications. Initially, metal clusters from base metals
are belng examined as candidates for replacing
preclous transition metals for coal liquidification and
other reactions. The catalytic activity of these
clusters will be evaluated In model hydrogenation
reactions in collaboration with DOE technology
programs on coal. The work next Investigate the use
of semlconductor nanoclusters to efficiently create
electron-hole pairs for photocatalysis and then bind
reducing and oxidizing nanociusters to the
semiconductors to create cluster assemblles that can
convert sunlight to chemical fuels.



Laboratories

SANDIA NATIONAL
LABORATORIES-LIVERMORE
P. O. Box 969

Livermore, CA 94551-0969

" Walter Bauer - (§10) 294-2994
Fox: (510) 294-3231

Metallurgy and Ceramics - 01 -

Wiliam Wolfer - (510) 294-2307
Fax: (510) 294-3231

212. SURFACE, INTERFACE, AND BULK PROPERTIES OF
ADVANCED CERAMICS
R. H. Stulen, K. F. McCarty
(510) 294-2070 01-1 $182,000

The goal of this task is two fold: (1) to develop a
more complete understanding of the surface,
interface, and buk properties of advanced
ceramics, and (2) to synthesize novel, thin-film
ceramic structures. Emphaslts Is placed on two
Important materlal systems: (1) ultrahard ceramics
and (2) wide bandgap semiconductors. We are
utliizing the emerging technique of pulsed laser
deposition (PLD) for film synthesis. Currently, we strive
to develop a fundamental understanding of what
processes control the formation of a metastable
phase. such as (diamond-fike) cubic boron nitride
(cBN), over formation of the stable (graphite-ike)
phase. By determining and controliing the film
nucleation mechanism, and controlling the species
and energy distribution of the lons, we striveto
produce phase-pure fllms of ¢BN using lon-assisted
PLD. Using in situ diagnostics in the growth chomber,
we will determine the relationship between the
deposition parameters and the film properties.

213. DEFECTS AND IMPURITIES IN
SOLIDS/COMPUTATIONAL MATERIALS
SCIENCE/VISITING SCIENTIST PROGRAM
W. G. Wolfer, M. Asta, S. Bailes, D. C. Chrzan,
S. M. Foiles, J. Hamilton, R. Hwang. D. Mediin,
J. Mercer, A. A. Quong
(610) 294-2307 01-2 $1,125.000

Unique experimental and theoretical tools
developed in this program are combined to study
structural defects and impurities In solids and on
surfaces. The experimental tools are high-resolution
transmission electron microscopy (HRTEM), high and
medium energy ion scattering faclliities, video
low-energy electron diffraction (LEED) with I-V
capabliity, surface analytical tools, scanning
tunneling
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microscopy (STM), and low energy electron
microscopy (LEEM). Theoretical tools developed and
employed include quantum chemistry codes,
LDA/pseudo-potential methods, the embedded
atom method (EAM), and the cluster functional
(CFM) methods for large-scale atomistic computer
simulations. These experimental and theoretical
capabilities are utilized to study grain boundarles,
interfaces and surfaces in metal alloys and
intermetallic compounds, impurity segregation to
these boundaries, and the interactions with
dislocation, gas bubbles and defect ciusters. Growth
of metal layers on substrates are investigated using
STM, LEED, and LEEM and theoretical models are
developed for the nucleation and growth of kinetics
of thin film layers. HTREM, in conjunction with large
scale computer simulations, are performed to resolve
the dislocation core structure In intermetallic
compounds and to analyze the dislocation network
configurations and evolution during plastic
deformation. Many of the results generated by this
research program are utilized in concurrent
development and engineering projects at Sandia or
other national taboratories. In addition, the
dissemination to materlals sclence programs at
universities and to Industrial research and
development laboratories is conducted through the
Visiting Scientist Program. . :

214. ALLOY THEORY
D. D. Johnson, J. D. Althoff,
F. J. Pinski (Univ. of Cinn.)
(510) 294-2751 01-3 5$488.000

A *fist-principle® theory for alloys Is developed In
which electronic, size charge-transfer, and magnetic
effects (which are responsible for the effective
interactions between the alloy constituents) play an
essential role In determining the phase diagrams and
the ordering tendencies. Correlation functtons for
compositional and magnetic short-range ordering
are derlved from the theory and utlized to Interpret
experimental results from diffuse X-ray and neutron
scattering experiments, and to further plan and
guide such experiments, The combined theoretical
and experimental efforts elucidate the underlying
electronic forces for intermetadliic interactions and
thelr Influence on the thermodynamics of alloys
Including mutticomponent alloys, such as ternares.
Finally, the theory will be used to explore and
discover new metal alloys, and the electronlc origin
for their ordering properties.



Laboratories

Solid State Physics - 02 -

R. Stulen - (510) 294-2307
Fax: (510) 294-3231

215. MATERIALS CHARACTERIZATION USING ULTRAFAST
OPTICAL TECHNIQUES -
R. H. Stulen, R. J. Anderson
(510) 294-2070 02-2 $235,000

Develop, evaluate, and apply advanced,
nonperturbing diagnostic techniques for studying the
structure and dynamics of advanced materlals. The
scope Includes studies of bulk, interface, and surface
propertles using spectroscopic techniques. We
emphasize the use of these techniques to
characterize electronic structure, ultrafast dynamics,
and the chemistry of surfaces and Interfaces formed
during thin film growth. The approach Includes the
use of 1) uttrashort laser pulses, extending to the
femtosecond regime, to examine exclted state
dynamics, 2) photoluminescence spectroscopy to
probe electronic structure and defects of bulk
materials and thin films, and 3) impulsively stimulated
scattering to study mechanical properties and
thermal conductivity of thin films. Materlals under
investigation Include semiconductors, nonlinear
optical materials, and large bandgap systems, and
thelr interfaces with metals.
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STANFORD SYNCHROTRON RADIATION

LABORATORY
Stanford University
Stanford, CA 94309-0210

Arthur Blenenstock - (415) 926-3153
Fax: (415) 926-4100

Facllity Operations - 04 -

216. RESEARCH AND DEVELOPMENT OF SYNCHROTRON
RADIATION FACILITIES
A. |. Blenenstock, H. Winick
(415) 926-3153 04-1 $§3,235,000

Support of materlals research utlizing synchrotron
radiation, as well as operations and development of
the Stanford Synchrotron Radiation Laboratory (SSRL).
Development and utllization of new methods for
determining atomic arrangement in amorphous
materials, and on surfaces, time-resolved studies of
thin film growth, studies of highly perfect
semiconductor crystals using X-ray topography,
analysls of ultra-trace contamination on sliicon wafer
surfaces, photoemission studies of superconductors
and semiconductor Interfaces (e.g.. heterojunctions
and Schottky barrlers), photoemission studies of highly
correlated materlals including magnetic systems,
metal surfaces (especially catalytic reactions on
surfaces) and development of techniques such as
surface EXAFS, photoslectron diffraction, and
Interface studies using core level spectroscopy.
Photoslection and X-1ay absorption spectroscopic
studies of catalysts. Development and Improvement
of accelerators and insertion devices for synchrotron
radiation production. Development of Laue
diffraction for time-resolved protein crystallography.
Development of ultra-high resolution scattering
techniques, by means of resonant nuclear scattering.



SECTION B

Grant Research

(Primarily Unlverslﬂes)

The Information In this Section was prepared by the DOE project
monitors of the Division of Materials Sclences. There Is

considerable turnover In the Grant Research program, and some
of the projects will not be continued beyond the current period.



Universities

. UNIVERSITY OF ALABAMA
1150 10th Avenue South
B8imingham, AL 35294

217. MIGRATION OF CONSTITUTIONALLY LIQUIDATE
" FILMS
R. G. Thompson, Department of Materials Sclence
and Enginesering
(205) 934-8450 01-5 $99.871 (18 months)
Study of the migration of precipitate boundaries
accompanying constitutiondl liquid film migration
(CLFM). Demonstrate the occurrence of CLFM in
binary dlloys. Extend the studies to ternary systems
contalning the binarles. Thermal simulation will use
a Gleeble device. Characterzation techniques
Include quantitative microscopy to determine grain
size, number of grains per unit volume, area fraction
of migrated areq, average migration distance, and
volume fractions of precipitate and iquid and TEM to
determine concentration gradients.

ALFRED UNIVERSITY
2 Pine Street
Alfred, NY 14802

218. STRUCTURE, STOICHIOMETRY AND STABILITY IN
MAGNETOPLUMBITE AND B-ALUMINA TYPE
CERAMICS
A. N. Cormack, Department of Ceramic Sclence
and Englineering
(607) 871-2422 01-1 $51,448

Atomistic smulation of defect structures and energies

for defect clusters In mirror planes of

mognetoplumblite and g-alumina structures; defect

Cluster interaction. Born mode! with Buckingham

potential and shell model freatment of atomic

polarizations; atomic relaxation treated by

Mott-Littieton approximation. Barium, strontium,

caiclum and magnesium magnetoplumbitte structure,

ste-preferences for Mg stabliity of alkaline earth

g-aluminas; computation of nonconfigurational
entropy. thermal stabiliity of SrAl,.0,,, ofigin of

instabllity of barlum magnetoplumbite.
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ARIZONA STATE UNIVERSITY
Toempe, A2 85287 ’

219. SOUD ELECTROLYTES AND IMPACT-RESISTANT
CERAMICS
C. A. Angell. Department of Chemistry
(602) 965-7217 01-1 $162.439

Investigate novel materials that exhibit fast ion
transport and high rates of energy dissipation on
impact. Superionic glasses, fast ilon conductivity in
inorganic glasses and polymer-salt systems, mixed
anion-cation conducting glasses, mixed
lonic-electronic conducting glasses, and new
organic catlion-containing plastic crystal conductors.
Develop understandng of fransport processes in
these systems, explore possibliity that fast processes
occurring In glasses ond ceramics can provide fast
energy dissipation mechanism on impact, and utilze
computer simulation calculations to study fast
processes by dynamic graphics methods.

220. HIGH RESOLUTION INTERFACE NANOCHEMISTRY
AND STRUCTURE .
R. W. Carpenter, Center for Solld State Sclence
(602) 965-4549 01-1 $126 439

High spatial resolution analytical electron microscopy
Investigation of compositional gradents and solute
segregation at Interfaces and grain boundaries In
ceromic/ceramic and ceramic/metal systems.
Relationships between chemical and structural width
of interfaces and boundaries studied as functions of .
material system ond temperature. Theoretical
analysis of Interfaces and boundaries using quantum
molecular dynamic computational methodis.

22). DE-ALLOYING AND STRESS-CORROSION
CRACKING
K. Sleradzid, Department of Mechanical
and Aerospace Engineering
(602) 965-3291 01-6 §71.020

Two major areas of focus are: (1) alioy corosion and
the roughening transition and (2) the role of selective
dissolution In the stress corosion cracking of alloy
systems. Alloy corrosion processes are studied on
Ag-Au and Cu-Au using electrochemical techniques,
in-situ scanning tunneling microscopy (STM), and
X-ray scattering and reflectivity. The STM and X-say
work address the roughening transition known to
occu In alloy systems undergoing corrosion at
electrochemical potentials greater than the “critical
potential.® Molecular dynamic and Monte Carlo
smulation techniques are being used to examine
various aspects 1o the roughening fransition.



Universities

UNIVERSITY OF ARIZONA
Tucson, AZ 85721 -

222. EARLY STAGES OF NUCLEATION .
M. C. Weinberg, Department of Materlals Science
and Engineering .
(602) 621-6909  01-1 $0 (O months)
Nucleation of glass-In-glass phase separation.
Electron microscopy. Raman spectroscopy. and small
angle X-ay scattering techniques will be used to
study the nucleation rates ond compare them with
the predictions of Classical Nucleation Theory.

~ 223. ARTIFICIALLY STRUCTURED MAGNETIC MATERIALS
C. M. Falco, Department of Physics
(602) 621-677 02-2 $90,000 -

Emphaslis on the measurement of magnetic
properties of well characterized, artificially
structured, metallic monolayers, muttiiayers and
superiattices, with a major thrust being a study of
those systems where experimental data will
contribute to an understanding of interface
magnetic anisotropy. Fabrication of experimental
samples by molecular beam epitaxy (MBE) and
multi-target sputtering. Sample characterization by
use of X-ray diffraction, reflected high-energy and
low-energy electron diffraction (RHEED and LEED),
scanning tunneling and atomic force microscopy
(ST™ and AFM), Rutherford backscattering (RBS),
scanning and transmission electron microscopy (SEM
and TEM), and X-ray photoelectron spectroscopy
(XPS). Determination of magnetic properties by
surface magneto-optic Kerr effect (SMOKE),
variable-temperature vibrating sample
magnetomstry (VSM), Brlllouln light scattering,
neutron scattering. and synchrotron photoemission.
studies. Efforts in developing artificially .
structured magnetic materials with improved
properties. .

BOEING COMPANY
M.5.2-T-05, P.O. Box 3999
Seattle, WA 98124

224. X-RAY SPECTROSCOPIC INVESTIGATION OF
AMORPHIZED MATERIALS
R. B. Greegor, Physlcs
(206) 773-8986 01-1 $13,894

XANES/EXAFS data analysis proton-iradiated
intermetallics. uranlum borosllicate glasses
reccted In water, stte speciation In waste forms
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(synroc, in-situ vitrified glass) and zrcons (crystalline,
metamict and temperature annealed) will be
performed. Work on zircons will be extended to
include scattering measurements (RDF, DAS, DDF) to
better characterize the distorted. anharmonic
palr-distribution function in amorphized samples of
this system. Radiation damage from the oxygen
(and possible Si) site in metamict zircons will be
accompliished using recently developed methods
which allow samples that are not ultra high vacuum
compatible to be examined using ultra soft (25 - 1300
eV) fluorescent measurements to obtain FYNES and
EXAFS spectra.

BOSTON UNIVERSITY
590 Commonweaith Avenue
Boston, MA 02215

225. THE HEAVY ELECTRON STATE
A. Auerbach, Department of Physics
(617) 353-5787 02-3 $30.000 from prior year

The Heavy Electron compounds wlll be investigated.
particularly the transition to the Fermi-Liquid state.
The role of intersite magnetic Interactions and the
Fermi-Liquid state wili be investigated by using a time
dependent functional Integral methodology.

226. INVESTIGATION OF THE STRUCTURE AND
DYNAMICAL TRENDS IN THE GROWTH OF
TRANSITION METAL OVERLAYERS AND SURFACE
MAGNETIC STRUCTURE OF
INSULATORS BY HE BEAM SCATIERING
SPECTROSCOPIES
M. M. El-Batanouny, Department of Physics
(617).353-472) 02-4 $124,866

Use of scattered spin-polarized metastable He(®s)
atoms from surfaces both elastically and inelastically,
to study the structural, dynamic and magnetic trends
of the 3D transition metal overlayers-Cu, Au, Ag and
Cr on Pd(111) and Pd(110) substrates; and Pd and
Cu on Nb(110) substrate. Magnetic properties will be
studied In the newly constructed Spin-Polarized
Metastable He (SMPH) facility. Spin-ordering in NIO,
MnO and CoO will be investigated. Large-scale
canonical molecular dynamics simulations combining
a hybrid Nose-Hoover thermostat and Andersen’s
constant pressure algorithms will parallel the
experiments.



Unlversities

BRANDEIS UNIVERSITY
Waltham, MA 02254

227. ORDERING IN CRYSTALLINE AND B
QUASICRYSTALLINE
ALLOYS: AN ATOMISTIC APPROACH -
8. Chakraborty, Department of Physics
(617) 736-2835 01-1 $77.600

Theoretical effort based on Effective Medium Theory
(EMT). Study of phase stabllity and kinetics of
ordering In crystaline and quasicrystalline alloys.
Comparison with the KKR-CPA approach. Applied to
Cu-Au alloys and intermetallics exhlbltlng
quasicrystaliine order.

228. ELECTRIC FIELD-INDUCED INTERACTIONS IN
COLLOIDAL SUSPENSIONS AND THE STRUCTURE OF
ELECTRORHEOLOGICAL FLUIDS
S. Fraden, Departiment of Physics
(617) 736-2835 01-3 $103.000

Electric field-induced Interactions between colloidal
particles and structure of electro-theological fiuids,
spatial organizational of colioids in external electric
fields and shear flows. Neutral colloids in Insulating
solvents, slica spheres in organic solvents such as -
chloroform; charged collolds in conducting solvents,
polystyrene spheres In aqueous suspensions.
Colloldal interaction and structure In electric field
and no shear flow; effects of field strength and
frequency:; field-induced interparticle potential; test
of model of electro-hydrodynamic stability;
liquid-to-crystal phase transitions as function fleld
strength and particle concentration; electric
fleld-induced ordering of concentrated colloidal
suspensions. Structure of colloids In shear flow In
absence of electiic flelds: simultaneous direct
visualization and light scattering. Structure of
colloids In combined shear flow and electric flelds.

BRINGHAM YOUNG UNIVERSITY
Provo, UT 84602

229. MICROSTRUCTURAL DEPENDENCE OF
CAVITATION DAMAGE IN POLYCRYSTALLINE
MATERIALS
B. L. Adams, Department of Manufacturing
Engineering and Engineering Technology
(801) 378-7832 01-2 $43.274

A detalled correlation between crystallographic
aspects of grain boundaries and their propensity to
creep cavitate In Cu. Serlous attention Is given to
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the requirement of obtaining data more rapidly.
Automation may realize a speedup factor of about
60 in obtaining the required data, and this would
enable a much greater clarlty of the damage
heterogenelty. This will enable a more thorough
investigation Into the mechanisms which contribute
to creep damage and which control the
time-to-fracture. Additionally, this may eventually
lead to a refining of the current theory of void
growth to include graln boundary structure, thereby
more accurately predicting the useful life of structural
components. The data obtained may be useful as
an engineering tool aimed at controlling the
processing of structural materials to obtain maximum
resistance 1o cavitation damage.

BROWN UNIVERSITY
Providence, Rl 02912

230. SURFACES AND THIN FILMS STUDIED BY
PICOSECOND ULTRASONICS
H. J. Marls, Department of Physlcs
(407) 863-2185

J. Tauge, Division of Englneering and
Department of Physics
(401) 863-2318 02-2 $139.680

Investigation of thin films, interfaces, coatings and:
other surface layers by the use of very high '
frequency (10-500 GHz) sound; studies of
nanostructures and liquids are also included.
Production of the uttrasound by laser excitation with
pulses of less than one plcosecond duration.
Fundamentat studies of electron-phonon Interactions.
the propagation of sound across interfaces. and
aspects of sound damping in materlals.
Development of non-destructive testing techniques
for the mechanical propertles of films, interfaces, and
fibers.



Universities

UNIVERSITY OF CALIFORNIA AT DAVIS
Davis, CA - 95616

231. INVESTIGATION OF THE RATE-CONTROLUNG
MECHANISM(S) FOR HIGH-TEMPERATURE CREEP
AND THE RELATIONSHIP BETWEEN CREEP. AND .
MELTING BY USE OF HIGH PRESSURE AS A VARIABLE
H. W. Green, Department of Geology
(916) 752-1863

A. K. Makherjes, Department of Mechanical
Engineering ' o
(916) 752-1776 01-2 $112,640 from prior year
Determine the pressure dependence of
high-temperature creep of nickel, cesium chloride.
sllicon and forsterlte. Study activation volume and its
relationship to partial molar volume of diffusing
specles. Provide data for critical tests of creep
theorles.

232. RADIATION DAMAGE AND DECOMPOSITION OF

CERAMICS BY MICROSCOPY

D. G. Howiit, Department of Mechanical

Engineering .

(916) 752-1164 01-4 $62,000 from prior year
Investigation of electron induced radiolysls, lonization,
displacement damage, diffusion and stimulated
desorbtion by means of In-situ analytical electron
microscopy and mass spectroscopy. Study of
scribing at high beam current density. Materials
include dielectrics and semiconductors. Study of
free standing ceramics thin films.

UNIVERSITY OF CALIFORNIA AT IRVINE
irvine, CA 92717

233. MECHANISMS OF HIGH-TEMPERATURE CRACK
GROWTH UNDER MIXED-MODE LOADING
CONDITIONS
J. C. Earthman, Department of Mechanical
and Aerospace Engineering
(714) 824-5018

F. A. Mohamed, Department of Mechanical
and Aerospace Engineering
(714) 824-5807 01-2 §81,712

Mechanisms of high-temperature crack growth under
different multiaxial stress states in 304 SS and TIAI.
Examination of cavity density, cavity distribution,
cavitating grain boundary facet size and orlentation,
and rupture surface topography for three states of
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stress. Evaluation of effect of multiaxial stresses on
the role of intergranular particles. Analysis of crack
tlp stress states using finite element techniques.

'234. OPTICAL SPECTROSCOPY AND SCANNING

TUNNELING MICROSCOPY STUDIES OF MOLECULAR
ADSORBATES AND ANISOTROPIC ULTRATHIN FILMS
J. C. Hemminger, Department of Chemlsfry :
(714) 824-6020 02-2 $116,400

Optical probes Including Raman scattering
spectroscopy and laser induced thermal desorption
with Fourter transform mass spectrometry detection,
scanning tunneling microscopy and conventional
methods of UHV surface sclence will be combined to
study molecular. adsorbates on well characterized -
m